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Mycobacteria In Soils and Composts, their Distribution, 
Number and Lytic Action on Bacteria 

Bt B N SINGH 

Dfparimmt of Soil Minvbinlofiy JlfilhnniBicd BlcpeTimeiilnl Station Ilnrpendai Ifnls 

SUMMATl\ Mifxoayccns cimcrn* 3/ fuhnta ChnndrococruB exlginiB and Archanglum 
sp arc wideh distributed in Uic *olU of Grcftl Britain including some treated onlj 
■vsiUi artificial fcrtiliicra Miimcoccum virttcenM and Chondwcoecus exiguiis appear to bo 
the dominant ipcdcs The numbers of myxobneterin ranged from 2000 to 70 400/g 
of soli In an actl\-cly decomposing compost of sludge and straw the number of 
Myxococrua fulvut was found to be over 000 g M virtstens ond Chnndrococais 
crfguKt were aUo present, but less abundnnth 

Variation of pH bctwecn4 OandS SdoesnotofTeet Ihogrowtliof ilfyxococctis/ufuui 
M uintetnt ond Choudroeoeem fxiguua^ and normal fruiting bodies \rcrc produced In 
the presence of suitable bacteria t/i/rorornis fiilrtu and M viiraeent do not attack 
filter paper 

Both Gram positlN’e ond Grom negative bacteria growing on solid media may be 
Ij’sed bv extracellular secretions of 3/ circrcens 1/ fuhus and Chondmcoccus 
^ginu Of forty-sm’en Gram po8itl\*c and fort\ sestn t ram negative strains of 
bacteria tested with three specie* of myxobactena a luglKrr percentage of Grom 
negathe than of Gram positive strains was attacked Pigmented strains of bacteria 
are more resistant to the lytic action of in>*xobactcria than the non pigmented 
strains Different specie* of rayxobaoteria and different strains of the same species 
^ffer in their Ij'tic action on a number of tpccics of bacteria 

The eTtraeollular Ivtio substance produced b> MyxococatB vhrtctna passes through 
a celloplum membrane A method of gTowng 3/ /idtnu and 3/ mrescens in mass 
cultures In Lquid media to produce extracellular lytic secretions is dcacribed 

Slyxobactena were recognized as an independent group by Thaxter (1892) 
Although over fifty species have been described we know very httle indeed 
about these interesting organisms apart from then* morphology and some are 
known only by the description of their fruiting bodies The favourable influence 
of bacteria and fungi on tlic growth of myrobactena was stressed bj earber 
workers Pinoy (1021) was the first to observe the lysis of an unspecified 
Micrococctis by ChondromyccB crocaius on a nutrient agar and recently Solnt 
zeva (1989) has studied the lytic effect of Ckondromifces aurarUtca MiUtiangium 
boletus Alyxococcus rtibeseent M vircBcetis and Af fihformts on five species of 
plant pathogenic bactena* She grew the plant piathogens for 2 days on peptone + 
starch agar and then introduced myxobactenn into the culture- Some lysis 
of a few species of bacteria could be seen ^Vhen dilute suspensions of micro- 
cysts from fruiting bodies gro^vn on rabbit dung pellets were plated on manure 
extract 4- proteose peptone 4- glucose agar Smetzko McAllister & Hitchner 
(1948) observed the occasional lysis of the portions of the surface colonies of 
associated Gram negative bacteria by M xnracens They also showed the 
lysis of dead bacteria by A/ mrcrcens end A/ fiihms Beebe (19416) has shown 
that a few species of dead bactena are lysed by Polyangmmfuscum Podangtum 
rrectum Chondrococctts blashcus Myroeoccus ftthus and Af vtrescens 



2 


B N Singh 

Although no conclusive evidence has been produced of the lysis of hvuig 
bacteria by myxobactena, it is suggested by the work of Pinoy (1921) and 
Solntzeva (1939) All the known higher mj’xobacteria so far investigated fall 
into two mam groups (i) those capable of effecting either partial or complete 
decomposition of cellulose (Krzemiemewski, 19876, Imsenecki & Solntzeva, 
1937, Mishustin, 1938), (ii) those capable of attackmg living or dead cells of 
true bacteria, and possiblj’’ of other micro-organisms, and developmg normally 
when these cells are the only food For the first group the term ‘cellulolytic’ 
and for the second ‘bacteriol 3 rtic’ may be used 

Myxobacteria were considered by earlier workers to be dung orgamsms 
because they were first isolated from dung of various ammals that had lam 
on the ground for some time The Krzemiemewski (1926, 1937a) claim to have 
isolated a large number of species from various Polish soils by puttmg sterilized 
rabbit dung on 100-150 g of soil m large Petri dishes By the same method 
Beebe (1941 a) isolated from Amencan soils species belongmg to M 5 'xococcaceae 
and Polyangiaceae The most common species belong to the genus Myxococcus 
Apart from isolatmg myxobactena from large quantities of soil, no efibrt has 
been made to find out how commonly they are present, as a prehmmary to 
assessmg their economic importance in soil or other substrates 
The present study of the myxobactena followed the development of a 
method of coimting holozoic soil Protozoa based on their differential feedmg 
on different bactena (Smgh, 1942, 1945, 1946o, b) By this method soil and 
compost heaps proved to contain sigmficant numbers of certam species of 
myxobactena, lysmg both Gram-positive and Gram-negative bactena The 
study of differential feedmg of Protozoa on bacteria has also led to methods of 
isolatmg and punfymg lytic species of myxobactena from soils and other 
substrates and of countmg them 

Methods of isolation and culture 

The method of isolation is similar to that used for Acrasieae (Smgh, 1946 c) 

It consists m spreading o\er the surface of non-nutnent agar (1 5 % washed 
agar, 0 5 % NaCl) of pH 6 6-7 2, or silica jelly (for method of preparation see 
Smgh, 19466), a few loopfuls of a suitable bacterium m the form of disks or 
‘bactenal circles ’ about 1mm diameter Aerobacter, strain 1912 (Smgh, 1941), 
was used throughout the work described below 

The bactena used are taken from 2-4-day cultures on nutnent agar Several 
such ‘bactenal circles’ are made m a Petn dish These cucles are moculated 
at the centre either with "s ery small crumbs of soil or with a very small portion 
of a substrate such as decomposmg compost, or with suspensions of soil or 
other substrates The plates are meubated at 25° for 1-3 weeks and exammed 
at mteiwals under a low power of a microscope In these crude cultures large 
numbers of fnutmg bodies of mj’xobactena are usually found 

The crude cultures contam large numbers of amoeba cysts if a suitable 
bacterium for the development of amoebae is used In order to discourage the 
de\ elopment of amoebae, strams of bacteria are selected that are not suitable 
for the growth of amoebae, but are readily attacked by lytic myxobactena 
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It IS best to use a suitable strain of Gram negata^c organism, because it does 
not encourage the growth of the lytic actinomycetes which are abundantly 
present m arable soils 

The mj'xobaclcna arc purified ns follows bactcnal streaks generally 1 im 
long and 08-0 4 in broad are made on non nutnent ogar or silica jelly and 
fruiting bodies arc placed In contact with the bacteria at one end of the strides 
These bactcnal streaks are cleared by the contaminating amoebae and by the 
myxobactena ^^thm a week some of the fruiting bodies or a porhon of a 
swarm of mjTcobaclcna which arc formed away from the amoebae are trans 
ferred to fresh streaks This process is repeated once or twice till a mixed culture 
of myxobactena and bactena only is obtained The fruiting bodies formed 
outside the tone of bactcnal streaks ore now transferred to the centre of a 
‘bactcnal circle’ made with a thick suspension of a young culture m 0 9 % NaCl 
autoclaved at 15 lb /sq in. for 5-10 mm The myxobactena clear the dead 
‘bactcnal circle* In a few days and form a large number of fruiting bodies 
Some of these bodies from the edge of the circle are suspended in 09 % NaCI 
and plated m the usual waj on non nutnent agar contaimng a thick suspension 
of autoclaved bactena, and incubated at 25 

After a few days myxobactcnal colonics develop and lyse the dead bactena 
(Pk 1 figs 8, 4) The colomes look like those of tnie bactena, smooth, flat 
and with entire edge no swarming of the myxobactcnal rods can be seen at 
the edge The colomes are at first white, but gradually become coloured as the 
frtuUng bodies are formed. The fnilting bodies appear in large numbers m 
7-16 days sometimes at the circumference of the colony and sometimes at 
the Centre Q«q11j the whole of the colony is converted into fruiting bodies. 

Sub-cultures from the fruiting bodies arc made on dead bactcnal agar every 
1-2 months, and their purity tested on nutrient agar on which myxobactena 
generally grow well but do not produce fruiting bodies Cultures mamtained 
on nutnent agar have to be sub-cultured cvcr\ 7-10 days as myxobactena 
autolyse within 10-16 days (Smeszko et al 1948) Pure cultures of species of 
M.yxQcoccut have been maintained both on nutnent agar and on dead bacterial 
agar for more than 3 years Whenever myxobactcria growing on nutnent agar 
are transferred to suitable strains of cl^er dead or hvmg bactena on non 
nutnent agar, they readily lyse the bactena and large numbers of fruiting 
bodies are formed 

In addition to the media desenbed above stenlixed fresh rabbit dung 
was also used to isolate myxobacteria from soils and composts but with 
disappointing results The rabbit dung used was from tame rabbits and 
it is possible that fresh dung from wild rabbits would give better results 

Distribution and number of myxobaetsna tn soil and compost 

Beebe {194Io) isolated only a few species of myxobactena, mostly members 
of the Myxocoocaceae, from Amencan soils and this has also been the expen 
cnee of the author with the soils of Great Bntain. It is quite possible that as 
in the method used such a small sample of soil (0*5 g or less) is examined only 
species present in large numbers have been found Moreover the use of 
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bactenal strains maj ha% e completch prevented tlie isolation of those species 
which do not attack bacteria 

Si\ty-nine soil samples from Hertfordshire, Berkshire, Bedfordslure, Wilt- 
shire, Kent Cornwall, Glamorganshire, Breconshire and Aberdeen verc 
examined together v ith soils of all the classical plots of Bamfield and Broad- 
balk and a number of other fields at Rothamsted The samples were taken 
from the top fev inches of the soil vobactcria v ere present m all the arable 
soils and m tvent\-one of the thirty-one grassland soils The occurrence of 
m3 \obactena m large numbers m the classical plots of Barnfield, Broadbalk 
and other fields at Rothamsted, vhcre no farm3'ard manure has been added, 
m some cases for 100 3 ears or more, dispro\es the earlier belief that 013^0- 
bacteria are dung organisms Their common occurrence in dung of various 
animals that has been lying on the ground for several da3's suggests that they 
find suitable nutritne material m those substrates 

No correlation betveen the pH of the soils and the distribution of species 
could be found m soils ranging from pH 4 0-8 0, although a correlation vath 
soil pH vas claimed b3 the Krzemiemevski (1026) 

On se\eral occasions a fen species belonging to groups other than the 
"Nh xococcaccae vere present both in bacterial and in rabbit-dung cultures used 
to isolate species of m3'xobactcria The3'^ did not grov m culture, and, imtil 
this is done, it docs not appear justifiable to name them from the fruiting bodies 
Mtfxococcus vircscctis, M fulvtts, Chondrococciis exigmis and Archangiuvx sp 
arc the species vliich ha^c so far been isolated and cultured from soils very 
widch scattered m Great Britain (Pis 1 and 2, figs 1-8) Myxococcus virescens, 
Chondrococcus cxiguus and Archangium sp were very commonly found m soil, 
but m the fev samples of decomposing compost of sludge and strav examined 
Myxocoents fulvtis occurred m much larger numbers than the other three 
species 

AMicn nineteen strains of bacteria consisting of both Gram-positn e and 
Gram-ncgati\ c were selected at random, and used to isolate species of m3'\o- 
bacteria from the farm3ard manured soils of Barnfield and Broadbalk plots 
at Rothamsted onh the four species mentioned abo\e could be isolated 
A fev counts haac been made bj the dilution method of Singh (1046a, fc) 
on Barnfield farm3ard manured soil and on a decomposing compost heap of 
sludge and stmv set up at Rothamsted farm The identification of ma^obacteria 
at \nnous dilutions vas b3 the fruiting bodies Table 1 shovs three counts 
made on diflerent dates from Bamfield farma’urd manured soil, using Aerobacler 
cn non-nutrient agar substrate In cacrj case Myxococcus virescens vas 
dominant 

Tvo counts vere made from an actncK decomposing compost of sludge 
md ‘:trav in starch 1945, from samples taken at 3 and 6 in deptli, on Aero- 
lac'cr in silica jcih The numbers of ma’xobacteria were found to be o\cr 
500,000 g of compost from the sample taken at 3 in depth and not more 
thin 1000 at 6 in depth, where the temperatures were respecti\elv 30° and 
3*1 It IS jvossiblc that anaerobic conditions or the increase in temperature, or 
b-)th, m i\ account for this big difTerencc in numbers at different depths 
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Myxococcu$ M virctcens ami Chondrococcus rxxguxu were isolated and 

punfled from those crude cultures 'Myxococcxis fulmix alone was present in 
the ^ er> high dilutions The result of this count in compost suggests that a 
detailed studj of this group of organisms m various types of composts (hot 
and cold) might be interesting especially as nothing is known about the role 
of mjxobactcna m soil or in decomposing compost heaps 

Table 1 Counft of lytic myxobacierin in an arable gcnl 

nwnfieid Number of m>'xobacterta 

farnij-ard manured eon per g 

Pirat count 70 01)9 

Second count 0 000 

Third count 2 000 

Effect of pll on the growth of myxobacieria 
The effect of pll on the grov. th of M viresecnt M fulvut and Chondrceoceui 
eTxgaus was tested as foUoNvs Non nutrient agar was adjusted to pH 4 0 4 0 
5 Ot 6 5 0 0, G 0 7*0 7 6 8 1 and 8 8 The agar was poured into Petn dishes 
streaked with Aerobader sp and inoculated with fruiting bodies of rayxo- 
boctena AU species grew well and produced normal fruiting bodies at all the 
pH values 

Grerwih of 3lyxoeoccus virescens and 3L fuUnis on fiUer paper 
in the pretence and absence of bcetenal tutpenfioite 
IVhen fruiting bodies from pure cultures of M virescens and M fuhnis were 
transferred to strips of filter paper dipped m mineral salt solution (0 1 % 

0 05 % KCl, 0 05 % MgSO, 0 1 % NnNO^ trace of FeSO^) in teat 
tubes and meubated at 25* no apparent growth or decomposition of the filter 
paper took place up to 2 months "When a suspension of dead bacteria was 
added to the solution both the 1/ virescens and d/ fuluns grew well and 
produced large numbers of fruiting bodies The fruiting bodies were mostly 
formed on the glass, and some on the filter paper above the surface of the hquid 
Thick bacterial suspensions were usually cleared within 2 weeks Cultures 
mamtaincd for more than 2 months on strips of filter paper in suspensions of 
dead bactena did not show any sign of decomposing the filter paper 

Some workers have used a dilution method of counting Sporocyiophaga 
myteococcQides {Spmwheia cytophaga sec Stanier 1949a) noting the yellow 
colour developing on filter paper which is decomposed MTien Myxococcut 
mreseens is put on filter paper in the presence of a bacterial suspension it 
produces a colour like that of Sporoeytophaga myxocoaxndes but does not 
decompose the paper The method of counting S myxococcoides is very 
unsatisfactory smee there is no guarantee that both the yellow colour and the 
decomposition of filter paper is caused by S myxococcotdes It is possible that 
the yellow colour is due to Myxococcut vtrescens and the decomposition of the 
filter paper is due to ccUuloae-dccomposing organisms other than Sporocyio 
phaga myxococcoides It is difficult to be certam of the presence of S myxo- 
coccoidei by microscopic examination smcc the vegetative cells both of It and 
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of Myxococcus virescetis are abke The only way to make sure of the presence 
of Sporocytophaga myxococcotdes is to isolate this orgamsm from every dilution 
or at least from a fen higher dilutions where the yellow colour is associated 
nith the decomposition of filter paper 

Lysis of living hactenal slrains by species of Myxococcaceae on solid media 

Myxococcus virescens, M fiilvus and Chondrococcus exiguus isolated from a 
decomposing compost heap, and a stram of Myxococcus virescens isolated from 
a Rothamsted soil, were tested for baetenolytic activity as follows Three 
mdely separated streaks of a 2-4-day eulture of a bacterium on nutrient agar 


Table 2 The lysis of bacterial strains by myxobactena 
CL = Complctelj lysed either readily or slowly, PL = very slight partial lysis, 

NL=not l 3 fsed 



M 

xnrescens 

X 

M fulvtts 
* 


C exiguus 



Total 

strains 




\ 



f 



CL 

PL 

NL 

CL PL 

NL 

CL PL 

NL 

tested 

Common soil 
bactena 

0 

1 

1 

10 — 

1 

8 8 

— 

11 

Rare soil bactena 

10 

10 

3 

8 12 

9 

5 10 

14 

29 

Plant pathogens* 

0 

— 

1 

0 — 

1 

9 — 

1 

10 

Strains of 
Jihizohium 

8 

6 

3 

4 4 

4 

3 C 

3 

12 


• The strains (4752, 5045, 1080, SOU, 5042, 885, 5043, 887, 5241 and 1097) of plant 
pathogens were obtained from the Xational Collection of Type Cultures, Lister Institute 
See Singh (1042) for the names of the plant pathogens used 


were made on non-nutnent agar Two streaks were inoculated at one end with 
fruiting bodies of one of the myxobactena growing with htung Aerobacter sp 
and the third was left as control The cultures were meubated at 25° and 
examined at 5 and 10 days Of the bacteria tested by this method some were 
rcadih or slowly but completely lysed, others showed very slight partial lysis 
and the rest were not lysed withm a penod of 10-12 days Table 2 shows the 
h tic action of the three species of Myxococcaceae on sixty-two strains of 
\arious bactena The three species differ m their reactions towards the same 
strain of bacteria in a number of cases Against Bhizobium and plant pathogens 
thc\ behn\ e, on the whole, m a similar manner, nearly all the plant pathogens 
being readiK attacked whereas the strains of Rhizobium seem to be resistant 
Two strains of Myxococcus virescens, one isolated from a compost heap and the 
other from a soil, differed in their ljd:ic action towards eight of the fifty-six 
strains of bacteria Some strains of bactena, not lysed by the soil strain of 
M z-re^cens, were hsed bj the strain isolated from compost and vice versa 
Pigmented strains seem to be more resistant than the non-pigmented (see 
Tal'V 3) In Table 4 the hdic action towards Gram-positive and Grara- 
neratne organisms is shoivn Though both Gram-positis e and Gram-negative 
bi'*f'’a are attacked, more Gram-negatne than Gram-positi\e strains are 
a“acW'd except b\ M virescens 

Ni '‘etn str-uns of soil bactena were tested to see whether the Myrxo- 
e^-' ■ a'" -''-‘ua'ls atLack Ining bactena on solid media or onlx l\sc cells that 
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ate dead After 10 days* incubation, slopes of nutrient agar were streaked 
Tritb samplca from the control cultures, and material from the lysed areas on 
the plates supplied with mj'xobacteria was similarly subcultured Growth of the 
samples from the control streaks was profuse in 24 hr at 26® while those from 
areas Ij'scd bj 3/ fulvtts m every case grew only slightly within 2-4 days 
Subcultures from the lysed areas produced by 3/ mretcens on sixteen stnuns 
of bactena failed to grow m seven cases, even after 10 days incubation, whereas 
nine ga\c positive results withm 2-6 days Cultures from areas lysed by 
CAondrocoecfis exiguui were positive with mne strains of bactena tested and 
negaU\ e with two 

Table 3 The lyns of pigmenUd and non pigmented strains of bactena 
by myxobadencL (Strains of XOnznhwiin hojje been excluded) 
CL*»CoTnpbtd 3 lysed dther rcadflj or skmlyi PL ■* very illgbt partial lyaU 
NL»not lywtL 

Iso of 3/ ttracai* M fuJtw C cxtguus 

rtralnj ^ * , t * , , - * , 

tested %CL % PL %NL % CL %PL % NL % CL %PL % NL 
Pigmented 41 C3-4 10 6 17 41*4 &4 2 24-4 80 5 24-4 30<1 

bacteria 

Noo-plgrocnled 52 75 17 3 7 0 67 8 IP-fi 18-4 58 5 25 15 5 

bacteria 

Table 4 The lysis of Gram positive and Gram negative bactena by 
myxobaetena, (Strains of Bhizohlum have been excluded) 

CL n Completely lyted either readOy or alowlyi PL* very Ulgbi partial lyili 
KLwnot lyted 

No. of 3/ oircromr 3/ fxilvu* C eriguus 

ttraln* r * > • * ^ ' * ' 

tested %CL % PL %NL % CL % PL % NL % CL % PL % NL 
Gram-pedUve 47 68 31 3 10 6 88 3 34 2741 31 0 88*3 20 8 

Gram negative 47 74*4 14 0 10-6 74-4 17 8 5 68 10 7 21 3 

In a second experiment, osparagme agar (Thornton 1022) was selected as a 
substrate allowing slow bactenal growth A loopful of Aerohacier sp from a 
B6-hr culture was streaked on asparagine agar in a Petn dish and moculated 
with fruiting bodies of Myxoeoecus xnrescens Roughly the same amount of 
bacteria was streaked as a control PI 2 figs. 9 and 10 show the results 
obtained. It is clear that in 4 days M vxreseens had completely lysed the 
growing cells of the bactena and large numbers of fruitmg bodies were pro* 
duced When a pure culture of the fruiting bodies of M vtrescens is inoculated 
on asparagine agar, it grows slowly but does not produce fruitmg bodies 
The lysis of living of Aerobader sp on asparagmc agar by M fuhw and 
Chyndrococeus ex^itus is not so spectacular as that by Myxococcus vxreseenst 
it Is not complete until after &-7 days M fubnis and Chondroeoccus extguus 
grow well on thm medium but they too do not produce fruiting bodies m the 
absence of suitable bactena. 

The numbers of bactena viable m the control and the lysed area were 
determined as follows A loopful of bactena from the edge and from the 
centre of the control streak on the 4th day (see PI. 2 figs 9 10) were each 
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Studies on Soil Acrasieae 

1 Distribution ot 8i>ecie8 of Dictyostelium in soils of Great 
Eritaln and the effect of bacteria on their development 

By B N SINGH 

Btptnimml of Soil Micrvbiology RothamaUd Experimental Slcdloru, Harpendtn Herts 

SUMMAIl\ A method of Isolating spedes of Dictyostelinceoe from soil wnH other 
substrates is described 

Of Qlnet> three different strains of bacteria tested as food for Didycaidiian gtgon 
letim and D mxieoToides some were readily or slowly but completely eaten others 
were partly eaten and the rest were inedible No correlatioi:. between the edibility of 
the bacteria and the formation of normal friUtlng bodies could be foimi More Gram 
ncgati\’e than Gram positive strains were edible, and non pigmented bacteria proved 
more suitable than pigmented bacteria for the normal development of Dictyoslehum 

spp 

\ olues of pH between 4 1 and 8 0 bod no elTect on the abundance or on the types of 
fruiting bodies produced In cither D giganteum or D mucomides when suitable 
strains of bacteria were supplied as food to the myxamoebae on non nutrient agar 

The maximum dimensions and the form of sorocarps and occasionally the colour 
of the sori were Iniluenoed by the type of bacteria used as food supplies. The InHuenee 
of the bacterial food supply on the clossiQcatlon of Acrasieae Is discussed and one new 
ipedes {D giganteum) Is described. 

Species of Dirij/tu/tfifum are frequently present in arable soils In Great Britain. The 
convmon occoTrence of HletyasUltum spp in soils, which have been unmamired or 
treated with artificial fertllirers only for 100 years or more, disproves tlw belief that 
Dleiyostelltan spp are dung organlions. 

The amoeboid protisls included m the Acrasieae apparently occupy a position 
near the divergence of the plant and animal kingdoms. The vegetative stage 
consists of myxamoebae which feed and reproduce like true amoebae, but under 
suitable conditions of culture produce fruiting structures of definite and con 
sistent form The Acrasieae have been considered by botanists as plants and by 
protoxoologists as Protozoa. 

The genera Dictyostelium and Polysphondyhum were created by Brefeld m 
1869 and 1884 respectively and species belonging to these genera have since 
been described by various workers (cf review by Raper 1940fl) It was not, 
however until recently that Raper (1957 1989 1940a,6) threw considerable 
light on the cultural characters and food requirements of the myxamoebae of 
DidyostehuTti dtscotdeum, his studies have led to the development of a better 
way of cultivating classifying and studying organisms mcluded m Acrasieae. 

The occurrence of Dlciyostehum spp in Polish and American soils has been 
recorded by KtzemiemewsU (1927) and by Raper A Tbom (1982) Poly 
spondyltum spp have been rarely seen in soils In 1944 Raper stated in a 
personal communication that he had isolated Dteiyosiehum spp from soils 
from Australia, India, Mexico BrazS Cuba and numerous stations throughout 
the Umted States 
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The stud\ of difTerential feeding b\ soil protozoa (especiallv amoebae) 
carried out b\ the WTiter on a large number of ‘miscellaneous’ strains of 
bactcna (Singh 1941, 1942, 1945, 1946a, fe) led to impro\ements in isolating 
and studaing members of the Acrasieae A method of counting holozoic 
protozoa (Singh, 1946 o, 6) has been developed vhich is based on the difierential 
feeding of amoebae In this method a pure culture of a smtable bacterial 
species or a mixture of a feu species is gn en as food for the dea elopment of 
protozoa on a substrate of noii-nutrient agar or silica jelly The use of this 
method rc\ealed the common occurrence of Diciyostehum spp m arable soils 

Method of isolation and culture o/ Dictj ostelium spp 

The method of isolation has been described (Smgh, 1946c) One or tvo loop- 
fuls of a suitable bacterium grov mg usually on nutrient agar (2-7-day culture) 
IS snread o\er the surface of non-nutrient agar (1 5 % v ashed agar in 0 5 % 
XaCl, pH 6 5-6 S) m the form of a disk or ‘bacterial circle’ of about an inch 
m diameter In this va\ the grovth of micro-organisms except those that 
feed on bacteria is checked Sc%eral such circles are made m each Petn dish 
TIicsc cultures arc then inoculated at the centres either with very small 
crumbs of soil, diluted soil suspension, or vith small portions of some other 
substrate and the plates then incubated at 21-23° for 10-15 daj s and examined 
it intcr\nls 

The m\ x imoebac feed on the bacteria, reproduce activclj and then form a 
pscudoplasmodium nhich gi\es rise to a fruiting body All these stages can be 
seen m the cnidc cultures b\ examining the plates at frequent intervals The 
cnulo cultures usualh contain large numbers of true amoebae, both active and 
c\stic fniitme bodies of m\xobactcria (Singh, 1947), fruiting bodies and 
m\x iinocbac of Dictifostehum spp and other micro-organisms vhich feed on 
bictcrii The m\xamocbae of the Dict\ osteliaccac are indistinguishable from 
sm ill true amotb ic In order to encourage the grovth of the Dictyostchaceac, 
stnins of bacteria arc selected nhich arc rcadih eaten ba the mj’xamoebae 
ind k id to the production of normal fruiting bodies but nhich are not suitable 
IS f(Kxl for the actiae dc\ elopment of the amoebae It is preferable to use 
Crun-ncgati% c strains of bacteria, because these do not encourage the de- 
e<lo,uiu.nt of l\tic actinoma cctes nhich arc abundantly present in arable 

V nlv 

1 H' n the crude cultures species of Dicta ostcliaceae arc isolated in ‘pure 
M iMd eulturcs IS follons V spore mass or soms raised veil abo\e the surface 
II* Ml' i'_ ir md fret from fungal growth is genth punctured b\ a fine sterilized 
*' v’k Old t’ c sj>ous tnnsferred to frtshh prepared ‘bacterial circles’ on non- 
I it' nt ig ir p' ile*^ itliin i few d its large numbers of fruiting bodies arc 
1 si n pi iting this procc-ss a few times pure mixed’ eulturcs of 

/> ' v'l '* sjip ire <>b* uiK d lit mg on one species of bacteria Sub-cultures 
’ eti't 1-2 mo iths in order to mimtain stock culturcrs 
t vr <*-1) I'tij /Mtigh, lotl) was txtonsntK used m the beginning 
i'-, >1 I'l ’ *e S-. s 1 "s 0^1) r‘'/o'c*t-hur’i from t anous soils and now this 

s - ' t - ' *11 r 1 1! it itn sto^l cultures 
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Injiuenee of hacienal food on the growth of two spears q/’Dictyostelium 

The role of bactena in the nutrition of myxnmoebae waa not understood by 
the mnjontj of the earlier workers (sec Raper, 1087) although a few of them 
grew D mueoroxdcs m association with several species of bactena on solid media 
containing nutrient* Raper (1037) and Raper & Smith (1989) earned out 
detailed work to test the cITects of more than thirty saprophytic and twenty 
two strains of pathogenic bactena (animal and plant pathogens) on the growth 
of D discoidatm Haj infusion agar of constant composition was mostly used 
os a substrate Tlie bacteria to be tested were grown for 2-8 days on hay in 
fusion agar and then spores of D dtscotdaim were inoculated on to the same 
cultures The comparative growth of D diseoideum in association with different 
bactena was determmed after G-8 days by counting the number of large, 
medium and small sorocarps, Raper (1037) found that, on the whole better 
growth occurred with Gram negative than with Gram positive species 
D dxKoidcum also grew well and consumed the colomes of nearly all the 
associated pathogenic bactena grown on hay mfusion agar D mucormdes D 
puTpurtum and Polytphondyhuin Tnolaceum grew well on several of the 
pathogemc bactena tested (Raper L Smith 1939) 

^lany kinds of infusions and nutnents have been mcorporated m agar to 
grow Acr^sieae In the long expcnence of the wnter it has been found that 
agar containing nutnents is neither satosfacton for testing the growth of 
Protozoa on different bactena nor for counting their numbers m soil or other 
substrates (Singh 1041 1042 1945 1940a,&) Nutnent media encourage the 
development of inedible organisms introduced with the moculum, and may 
even encourage the growth of micro-orgamsms that produce substances having 
a detrimental effect on the growth of protozoa (Sing^ 1045) and other protista. 
As mj’xamoebae, like true sod amoebae, feed selectively on bactena, it is 
neceaaarj that the cultural conditions should be properly controlled In order to 
test the effects of bactena on the growth of the species of Dxdyostehum The 
wnter considers it essential to use a non nutnent substrate to isolate to study 
the effects of bacterial food supplies and to do quantitative work on those 
protista which can develop normally on bactena as the exclusive source of food 
supply if consistent and reliable results are to be obtained. 

In order to 8tud> the effects of bacterial strains on DictyosieUum bactcnal 
circles on non nutnent agar were inoculated at the centres with spores of 
Dictyosteiium spp Cultures of bactena of the same age (2-5 days) from nutnent 
agar slopes were always used to control the results The plates were incubated 
at 21-28® for 7-10 days The mam object has been to see what strains of 
bactena are eaten bv the myxamoebae and what effects these strains have on 
the production of fruiting bodies The use of non nutnent agar checked the 
multiplication of bactena and no detectable change m the pH of the agar was 
obser\^ where bactcnal circles were mode It can be assumed that the 
varying effects of different bacteria on the growth of myxamoebac and on the 
fonnation of fruiting bodies desenbed m this paper are due to differences 
between the bactenol strains used 
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Table 1 shows the effects of ninety-three strains of bacteria on ti\o species of 
Dictyosiehum, D mucoroxdes and D giganieum a species proposed later as new 
The bactena used comprise ele\en common, twenty-seven rare strams from 
soil, ten strains of plant pathogens (4752, 5945, 1989, 5944, 5942, 885, 5948, 
887, 5241 and 1997, cf Singh, 1942, for the names of these strams), two strains 
of Rhizobium, and forty-three strains of ‘miscellaneous’ bacteria mostly 
isolated from soil The bactena tested fall into three groups Some of the 
bactenal strams were completely eaten, either readily or slowly, others were 
only partly eaten and the rest were not eaten by the myxamoebae even v hen 
they were the only food supply Several strams of bactena were either com- 
pletely or partly eaten by the myxamoebae but induced the production of 

Table 1 Effects of bactenal food supply on the formation of 
fruiting bodies (FB) of two species o/ Dictyostebum 


Not eaten 
or slightly 



Completely eaten 

Partly eaten 

eaten 

Total 



X 


X 

Few or no 

bacterial 


f 


r 

X 


Normal 

Abnormal 

Normal 

Abnormal 

FB, mostly 

strains 

Spwcies 

FB 

FB 

FB 

FB 

abnormal 

tested 

D giganieum 

49 

0 

17 

9 

12 

93 

D mueoT aides 

55 

5 

Ifi 

9 

8 

98 


fruiting bodies which were abnormal m character There seems to be no correla- 
tion between edibility and the production of normal fruiting bodies The 
bcha'^ lour of the two species of Dictyostehum towards the different bactenal 
strams is similar except for a few strains All the plant pathogemc bactena 
w ere completely eaten and normal fruiting bodies w ere formed except m the 
case of strain 5241 This strain though eaten by the mjTcamoebae led to their 
producing abnormal fruiting bodies Table 2 shows the edibility of Gram- 
positn c and Gram-negatn e strams of bactena for two species of Dictyostehum 
Gram negatn e strains were somewhat more frequently eaten than the Gram- 
positn e, in accord with the findings of Raper (1987) In Table 8 the relation 
between pigmentation and edibility of bactenal strains is shown The two 
species of Dictyostehum had a marked preference for non-pigmented strains 
Red, \ lolct, or green strams were least suitable for the growth of Dictyosiehum 
spp although unlike soil amoebae these organisms can feed on some such 
strains 

Inf uence of pH on the growth of D giganteum and D mucoroidcs 
Raper (l'>39) deals with the effects of different nutrients incorporated in 
n-'-ir on the growth of D discoideum wnth a few bacterial associates He found 
that 1 2^0 peptone and a carbohsdrate that could be fermented by the 
itvocia^ed bact/'m prosnded a suitable substrate for the growth of the host 

’-’a and fo” *he subsequent normal deaelopment of D discoideum In the 
ab - ue o'" a fermentable carbolndrate the colonies of host bactena became 
a’k"’ J-, reaction owing to the accumulation of ammonia liberated from the 
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peptone, and toxic to D di^coidetm The colonies of the same bactenn In the 
presence of a fermentable carbohydrate remained neutral or slightly acid 
because of the neutralimtion of the ammonia by acid products simultaneously 
formed from the carbohydrate, and these colomes were non toxic to D 
diieoideum Haper also claimed that the development of D discoid^um was 
governed by the pH of the bacterial colonies The optimum reaction -was 
pH 0 0-0 5 while excellent growth and normal fruiting bodies were formed in 


Table 2 Edtbihty of Gram-potUtve and Gram negedwe tiraint 
of hactenafoT too species q/'Dictyostchum 


Not eaten 
or sUglrtly 

Completely enten Partly enten eaten Totel 

* » , ■* N Few or no bacterial 

Normal Abnormal Normal Abnormal FB moatly itralns 


Spedes 

FB 

B 

20 

D giganteum 

SO 

D muctmides 

24 

D rnueoTtfida 

80 


FB FH PB 

1 11 0 

6 0 0 

1 11 6 

6 6 4 


FB-iCrutUng bodies 


abnormal tested 
8 Gram positive 

40 

4 Grern'Oegative 

47 

6 Gmm poalUve 

40 

8 Gram negatlTe 

47 


Table 8 EdibitUy of non^ptgmented and pigmented strains 
of baderia for two species o/Hictyostellum 


Not eaten 


Of sUghtly 

Completely eaten Partly eaten eaten Total 

^ » , -* ^ Few or no bacterial 


Spedes 

Normal 

FB 

Abnormal 

FB 

Normal 

FB 

Abnormal FB mostly strains 

FB aboonnal tested 

D giganieum 

S2 

2 

6 

0 

6 

Non pigmented 
61 

D gtgttnieum 

10 

4 

18 

4 

0 

Pigmented 

42 

D mueoroixia 

84 

2 

8 

4 

8 

Nan^plgmented 

51 

D mueorotda 

SO 

8 

10 

6 

4 

Pigmented 


42 


FB > fruiting bodies 


bacterial colonics between pH 6*0 and 7 0 Outside this range the growth of D 
discotdeum progressively decreased and the development became abnormal 
All growth ceased at pH 8 5-8 0 and at pH 4 0-4 2 
A simple experiment was devised to test the effects of pH on the growth of 
D gigonleum and D mueoroides when fed with smtable bacteria. ‘Bacterial 
circles* of Bacterium eolt. Pseudomonas fiuorescens and Aerobacter strain 1012 
were made on non nutrient agar adjusted to pH 4 1, 4 4, 5 4, 6 7 6*0 6 6 7 0 
7 5 8 2 and 8 0 Spores of Dietyostelntm spp were inoculated in the centre of 
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some of these cultures -while others were left unmoculated as controls The 
plates -were incubated at 21-23" Withm 3-5 days large numbers of normal 
fruiting bodies -were produced and the bactenal cultures were complctcl} 
eaten b\ the m}*xamoebae At the end of 5 dai.'s bactena fix»m the control 
‘bacterial circles’ were scraped off and a drop of mdicator was added to the 
agar m this area and another drop to the agar awa}, from the culture No 
change could be detected m the pH of the agar m the area of the bacterial 
culture compared -with agar auax from it Similarly no change in the pH of 
the agar could be found where slime moulds had grown -with bactenal associates 
for 5 da\ s Thus it is reasonable to assume that pH values between 4 1 and 8 9 
have no effect in determining the abundance or the tj-pes of fruiting bodies 
produced either in D gigantcum or D mxtcoTotdcs It is quite possible that the 
contrarv results reported by Raper (1939) m the case of D discoxdatm ma\ be 
due not to the pH of the medium but rather to the metabolic products pro- 
duced b\ the bactenal associates growing on the nutrients in the agar 

Influence ofbacicnal food supplies on the classification of the Acrasicae 

The stud\ of the effects of bactena on the formation of fruiting bodies in 
Dict\o';teliaccae and other groups of the Acrasieae is important in mcv> of the 
confusion existing m the classification Species of Dicta ostcliaceae are gencralh 
classified b\ one or more of the following characters (1) the colour of the spore 
mass or sonts (2) the form of the fruiting bodies or sorocarps, and (3) the 
niaMmuni dimensions of the sorocarps 

It has been found that some of the coloured strains of bactena occasional!} 
lead to the production of a few son of red or } ellowish colour hen the spores 
from tlu'-e '-on arc cultured on the same or different suitable bacteria the son 
produccfl irc colourless The fniiting bodies formed with some of the bacterial 
assooiitcs a'-Mime \anous abnormal shapes and forms They may be either 
dumped together or one stalk ma\ possess sc^eraI son, some of the fruiting 
Iwdics do not possess ana stalks (PI 1 figs 3, 5, G, 7) and look like the fnuting 
'•tnictun.s of Gutiuhnop'nc Olnc and Guttulina Cienk (Raper, 1940fl) As the 
geiifa Guttuhnopsis and Guttulina were de'-enbed before the cultural characters 
of the amo^lK) d protists included m the Acrasicae were properh understood, 
it will bt nccessar} to stud% thece genera, if thc\ arr redisco\cred, under con- 
tm’Ied cultural conditions before thc\ can be considered \ahd The dimensions 
of the ^TOK^arps abo \ar\ to such an extent that it is impossible to maintain 
basotl on this cliaracter alone unless the organism has been grown under 
CO itrolled conditions and with a range of suitable bacterial foo<ls 
Pjr* '’^'I'l 'a c>"ar*rtn (Text-fig 1 and PI 1 lig 1) produces \cr} long 
-rr stalks when grown on suitable bactena! nssoeiatcs, but on other 
ba''tf W’! ass.'v lates the somcarps arc acre short indeed and abnormal in 
cha’^'c*'* S m Hr changes in the dimensions of the sorocarps haac been 
i in /> I Si\c”a! spcci'w of the genus Dictyoslchuiv D sphacro- 

I) Hf — T V D rafc-ifi /} Irc'cirn end D cuTnim (Raper 1940fl) 

<.'• 1 tv- \ ah'' if tin i’'hagno>‘ic characters can Ik reproduced 

' - .N — i-)’*' -i! fo-'d.e’o-'-. So f i” on!\ four easih iflentifiable 
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species have been adequately studied {D mueoroides Brefeld, 1809, 
D purpureumOUve, lOOl.i? diKOidcum Raper, 1085 andH TmntdimRaper 
1941) Another species, D giganieum, is now added to this list. 



D mucoroMlrf 0 purpartuoi 


D /npMlruBX 



Text 6g 1 DUgnunmatic representation of U>e Identlfitble ipeda of iHdyrcule/ftmt. The 
figures ore reproduced from Raper (l04Oo) excepting D gifantnan and LHettfotielium 
sp. D mticoTXfidcM clinracterixed by milky white aonis and long toropbOTQ somettmes 
bearing one or more lateral branches D pvrpurram oharocterlnd by deep purple sori 
and unbraoebed Mirophores D dltcMdeum ohamrierlsed by basal dbk and erect 
tapering sorophores D mlnufum characterised by dimlnntlTe loropbores branched and 
unbranched U glgon/eum <diaraotertxed by very long creeping sorophore sometimes 
bearing one or more lateral branches and mall milky white sonis DielyctieHum ip 
eharacterUed by short sorophore occasionally bearing one or two branches and with 
mQky white sorus 


Dtctyosieltum giganiewn spjiov 

In agaro non ntiintnU cuUtim atm Bacterio coli, Pscudomonate fluorescente 
«IAerobactrol912fld21 28 J^Iyxamoebis vana magmiudine 10-16 
torocarpxs repaiitbui plerumque 17-26 mm longta tnia-dum usque ad 80 mm. 
saepe uno vel plunbitt Tomu laieraltbus sorophons aUns parte terminalijlexuosu 
sons rotundaits xnierdum ovalibus plenimque 150-800/* tn diom rmaonbus 
et minonbus frequtnitbus lacteo-albis Sporu eUtpttcis varta magntiudtne 
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5-10x2-8 5 /It Ew cumulo puirescentis stramims ad fundvm, Rothainsied, 
Harpenden, Herts Sept. 1948 

“Cultivated upon non-nutrient agar with Bacterium coh, Pseudomonas 
fiuorescens, or Aerobactcr strain 1912 at 21-28° Myxamoebae of vanable size 
10-18 X 7-12 p, sorocarps creeping, usually 17-25 mm long, occasionally up to 
80 mm, frequently with one or more lateral branches, sorophores white, 
terminal region flexous, son rounded, occasionally oval, commonly 150-800^ 
m diameter with larger and smaller specimens frequent, milk white, spores 
elliptical, size variable 5-10 x 2-8 5 p Isolated from an actively decomposing 
compost heap of straw and sludge, Rothamsted farm, Harpenden, Herts, 
September, 1948.’ 

The detailed life cycle of this species has not yet been ascertamed The 
important stages m its life cycle are similar to those of D mucoroides 
D giganteum is distmgmshed from other species by long creepmg stalks and 
small son (see PI 1, fig 1, and Text-fig 1) A type culture has been sent 
to the National Collection of Type Cultures, Lister Institute 

When a culture of D giganteum is compared with D mucoroides (PI 1, 
figs 1, 2) it IS always found that, comparatively, very few sorocarps are pro- 
duced by D giganteum, most of the myxamoebae being sacrificed m the 
production of long creepmg stalks No migration of the pseudoplasmodium 
could be seen m D giganteum such as was described by Raper (1985) for 
D dtscoideum Sometimes (as shown in Text-fig 1) a small secondary 
sorocarp with generally a rounded sorus is seen attached to the sonis, although 
this type of arrangement is uncommon and cannot be produced at will 

D giganteum has been isolated only twice, on both occasions from decom- 
posmg compost heaps The production of very long creepmg stalks may be of 
importance in the dispersal of the spores m such substrates No marked 
differences from J) mucoroides m such characters as size of myxamoebae and 
spores coiild be observed 

On several occasions a species whose sorocarps are shorter than D mucoroides 
has been isolated from soils (Text-fig 1) It is not proposed to give it a name 
unless similar observations have been made by other workers under controlled 
cultural conditions and with a range of suitable bacterial associates No 
detailed study of the hfe cycle of this species has yet been made It resembles 
D mucoroides m the general outhnes of its life cycle and m the size of son but it 
differs m the maximum dimensions of the sorocarps when grown under con- 
trofied conditions and with smtable bacterial associates on non-nutnent agar 
Text-fig 1 gives a diagrammatic representation of the species of the genus 
Dictyostehum which can easily be identified 

Occurrence o/ Dictyostehum spp in the soils of Great Britain 

To study the occurrence of Dictyostehum spp m soils, samples were taken 
from the top 4 m The method of isolation and culture was that already 
descnbed It seems that only two species, D mucoroides and Dietyostelium sp , 
are commonly present m the soils of England, Wales and Scotland, though 
only a few samples have been so far exammed fixim Scotland Other easily 
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identifiable species such as D dtscoideumi D minuiumt D purpureum Poly- 
sphondyltum vtolacfum and P palltdum ha\ e not been isolated from these soils 
It seems strange that only two species of Dtdyoiichum have been found so far 
in British soils and the same is true of the distnbution of lytic myxobactcna 
(Smgh, 1947) 

Sixty seven samples of arable and grassland soils from Hertfordshire 
Berkshire, Bedfordshire, IVUtshire, Kent, Cornwall Glamorganshire, Brecon 
•hire, Pembrokeshire and Aberdeen were examined Didyostehum spp were 
found to be present m thirty three of thirty eight arable sods and absent In 
five. Of twenty nme grassland toil* cxammed only three contamed Didyo 
sUltum spp Two sod samples at a distance of 80 >d from each other were 
collected on Harpcnden Common, One sod had been under arable cultivation 
for 2 yean and the other was permanent pasture the cultivated sod gave 
plenty of fnuUng bodies of D mueoroides but none could be obtamed from the 
soil under permanent grass Miss F J Moore of the Plant Pathologj Depart 
ment, Rothamsted, found DtctyorUlmm fruiting bodies developmg on potatoes 
infected with fungus when the> were left in the laboratory for a few days 
No correlation between the pH of the sod and the distobution of Dictyo 
Helium spp was found In sods ranging from pH 4 8 to 7 8 

In addition to the sod samples mentioned above, the soils of all the classical 
plots of Bamfield and Broadbalk at Rothamsted were examined. Some of 
these sods have been treated with farmyard manure, some with artificial 
fertilizers oolj and some have been untreated. DietyoHelium spp were found 
m all the plots The presence of Dtdyotieltum species in these classical plots 
of Rothamsted where no fertilizer has been used, or only artificials have 
been added for 100 years or more, disproves the earlier belief that species of 
Dtdyotielium are dung organisms Th^ occurrence m dung merely indicates 
the presence of the bacterial food necessary for their development. 

Coun/f q/'Dictyostchum spp in toil 

No satisfactory method of counting cither the myxamoebae or the spores in 
sod has been developed. It is impossible to coimt myxamoebae directly because 
they are mdistinguishable from the true small amoebae of the soiL The presence 
or absence of myxamoebae or of the spores at various ddutions can only be 
ascertained by the presence or absence of pseudoplaimodia and fruihng bodies. 
With the ddution method of counting holoroic Protozoa (Singh, 1948o,6) 
usmg AerobacUr strain 1912 as food on non nutrient agar, the fruiting bodies 
of Didyosteltum spp could be seen m cultures at several ddutions but their 
formation was so erratic that it was impossible to coimt the numbers either of 
myxamoebae or of sporeo 

DISCUSSION 

The importance of Acrasieae m soil economy depends first, on whether the 
myxamoebae lead a trophic existence in soil and dimmish the bacte rial 
population and, secondly, on their numbers Some work has already shown 
that myxamoebae of two species of Didyotteltum migrate through 
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soil and decrease the bactenal population rapidly The formation of fruiting 
bodies takes place only at higher moisture contents (cf Singh, 1946c) As both 
myxamoebae and the true amoebae which commonly occur in soil feed 
selectively on bacteria they may be important agents in bnngmg about 
qualitative changes in the bacterial flora of the soil 

This work was made possible by a grant from the Agneultural Research Council, 
to whom the author’s thanks are due 

My best thanks are due to Dr H G Thornton, F R S , and Miss L M Crump for 
their interest m this work Most of the strains of soil bactena were kindly given to 
me by Miss L M Crump from her personal collection 
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Fig 1 iJfdyttftr/fum g/;Wn/fiiw apjiov on non nutrient oji^ar and with /Irro&cirtiTsp 

(itmln 1012) tts food ^upplv Onij a part of the iorophorw carj be icen In tHc photo 
proph- 

Fig 2. D/rt*|fO»<e//Hm mufurm 'e» prowa under >lmniircondJUoin and with the «ime bacterial 
food kupplj as D gfganleiim 

Fig a Abnormal prtmlh of D muamrida gro wn on non nutrient agar with a ycUow ilmln 
(0000) of Sftll Inctcria as food cuppl> There Is Incomplete clearing of the bacterial 
patch and the vorophnrrs arc deformed and clumped In tlie centre The fruiting bodies 
produced In other places ha\'e no rtalki 

I*lg 1-0 are of the Bome msgnincatlon (xO) 

Fig 4 Shoeing a normal fruiting body of D mueorofde* grown oti non nutrient agar and 
with Am)i*fje1er sp a food *upplj 

Fig 6 Showing nbnomutl fruiting bodies of D mMooro/drs grown on non-nolricnl agar with 
• red barteriom (strain 0312) as food supply 

Figs. 0 7 Showing ubnortmxl fruiting IkkIIcs of D muetnoidf$ grown oo non nutrient ogor 
with a \ellow bacterium (itraln GOOD) as food tupply 

ITgu 4-7 ore of the *ame magniflentloo (xCO) 


{lUcctvfd 20 March 1010) 



22 


The Life Cycle of Sporing Actinomyces as revealed 
by a Study of their Structure and Septation 

By EJIMY KLIENEBERGER-NOBEL 
From the Bacteriological Department, Lister Institute, London 

SUMMARY A study of the hfe cycle of four spormg Actmomycetes by Robmow’s 
methods for the demonstration of Feulgen-positive chromatmic structures and of 
bacterial membranes, reveals two phases of growth m these orgamsms differing 
markedly m theur morphological structure These are the primary or substratum 
mycehum which, by a special process, produces characteristic cells called ‘imtial 
cells’, and the secondary or aenal mycehum which arises ftom the imtial cells The 
nuclear structures of the secondary mycehum imdergo a division by which small rod- 
or dumbbell-shaped structures arise Two of these appear to fuse, fo rming the round 
spore nucleus wluch, together with cytoplasm and enclosing membrane, represents 
the spore The spores m then turn reproduce the primary mycehum 

Recent improvements m the stammg of nuclear matenal and of the mem- 
branes and septa of bactena warrant a re-exammation of the changes which 
these elements undergo during the hfe cycle of related species or groups It was 
with a view to finding new cntena for the purposes of classification that a 
study of the nuclear structures and septation m Actinomyces was undertaken 
So far only a few of these spore-bearmg orgamsms have been exammed, but 
some constant morphological features of their developmental cycle have 
emerged and are here placed on record 

METHODS OF FIXING AND STAINING 

The nuclear stammg technique employed was mtroduced as a general method 
for the demonstration of chromatmic matenal by Robmow (1942, 1944^ and 
apphed to certam spore-bearmg bactena by Kheneberger-Nobel (1945) It 
consists of the treatment of cells fixed m osmic acid with n-HC 1, followed by 
stammg with Giemsa solution The optimal temperature and time for the acid 
treatment, as well as the time for stammg, vanes with different organisms and 
then* stage of growth and are best found by trial For the Actinomyces the acid 
was usually apphed for 6-20 min at 55®, the Giemsa stam, diluted 1 m 80, for 
about 5-80 mm The specimens were mounted, either m the weak staining 
solution or m Canada balsam after dehydration with acetone and xylene In 
the balsam mounts, the nuclear matenal stands out with great brilliancy, m 
watery solutions the cells as a whole are better preserved and cell boundanes 
as well as cytoplasm are more distmct In some cases the chromatmic structures 
showed up clearly when stamed for a short time m Giemsa stam only 

The cell boundanes, though occasionally visible m the HCl-Giemsa prepara- 
tion, are better demonstrated by Robmow’s method for the stammg of 
membranes (1944, p 420) Osmic-acid-fixed preparations were immersed m 5 % 
watery solution of tanmc acid for 80 mm , well rmsed m several changes of 
water, stamed for 2-4 mm m crystal violet 1 10,000, and mounted m the 
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stain or m water Membranes show up well if treated by this method though, 
owing to the precipitation of the tannic acid on the membranous parts, they 
appear larger than they really are. 

ORGANISMS STUDIED 

A gardnerh N C T C. 6581 spores formed in long chains and whole hyphae 
transformed mto spores 

A aJbcsporeut, N C.T C 1678 spores maml> formed m the often spirally 
wound terramal parts of hyphae 

A ehromogcncs, N C.T C, 1600 only side branches of hyphae form spores. 

A madurat, N C T C 1070 spores formed by short filaments only 

PREPARATION OP SPECIMENS 

Czapek’s medium was mainly used. The addition of a hay decoction (probably 
nch in ammo-acids) greatly enhanced spore formation. In liquid medium 
coverslips were stood vertically in wide test tubes, the lower half Immersed m 
the hquid. Some cultures formed flat colonies on the glass surface and thus on 
the borderline between the liquid surface and the air, stages of the whole 
growth cycle up to the formation of the spores were visible on the covershp 
Better preparations were obtained £h>m solid media. An agar plate was 
inoculated with a spore suspension— dense if young and dilute if older 
developmental stages were required. Squares of the agar considerably smaller 
than the coverslip were placed, inoculated side downwards, on to the slip and a 
drop of hquid Czapek medium was allowed to run round the edge of the square 
The coverslips thus prepared were placed on filter paper in Petn dishes which 
were incubated m a moist chamber In the course of some days an even gr owt h 
developed m the moist zone round the agar square. The growth which adhered 
firmly to the glass surface after the removal of the agar was fixed in the wet 
state and after drying was stained as described. It must be emphasized that 
the success of these preparations depends on the flatness of the growth on the 
glass surface, for the brilliancy of the staining as well as the definibon of the 
structures arc greatly enhanced by the thmness of the film The low power 
*photograph m PI 1, fig 6 shows the excellent deflmtion obtamed over large 
fields in such preparations. 

The optical system used was the same as m the previous work (1046) AH 
photographs were taken by means of the Zeiss photographic eyepiece Phoku 
0 12 * 


THE LIFE CYCLE OF SPORE-BEAJEUNG ACTINOMYCETES 
It has been known for a long time that two different phases of growth occur m 
all spore-forming Actinomycetes, which were designated by 0rtkov (1928) as 
substratum mycehum and aerial mycelium The substratum mycdium, hence 
forth referred to as primary mycehum, mvanably develops from the spores, 
but never produces spores itself without first giving nse to an aenal or 
secondary mycelium, which is either wholly or partly transformed mto spores 
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It was found that the primary and secondary myceha, which differ both m their 
growth requirements and habit of their filaments, are also conspicuously 
different in their structural make up 

It was observed that the secondary mycelium was mvanably imtiated m one 
particular element, which will be referred to as ‘imtial cell’ When the 
secondary hyphae have formed, spore formation, agam mvolvmg particular 
structural changes, takes place The life cycle of the spore-bearmg Actmo- 
mycctes so far studied is therefore described under the followmg headmgs 
A The primary mycelium, B The origin of the ‘imtial cells’, C The secondary 
mycelium, D The formation of the spores 

A The primary mycelium 

The development as far as it is similar m the four orgamsms examined >vill 
be described generally Features characteristic of one or more orgamsms will 
be noted separately 

The mature spore (see below) contains one spherical, relatively large chro- 
matmic body which is surrounded by cytoplasm enclosed in a spore case One 
to tliree, and rarely four, tubules sprout m succession from the spores The 
first tubules are always very slender, and irregularly undulatmg and twisted, 
a feature often found m fungal hyphae, but not in bacteria In A gardnen, A 
albosporeus and A chromogenes the germmatmg spore is slightly swollen and 
often elongated and its ‘nucleus’ has divided mto two chromatimc structures 
(Tc\t-figs 1, 2 and PI 1, figs 1, 2) In A madurae the germinating spore is 
a round swollen body When the young tubules have reached a certam size 
they contain small chromatimc granules presumably derived from the two 
structures found m the germinating spore These, however, are not v holly 
used up in the process of germination but are still conspicuous in thfe spore 
when the primary mycelium is developed (Text-figs 3, 4) 

As the tubules grow the small nuclear bodies multiply so that the young 
mycelium is filled with granular or rod-shaped chromatimc bodies (Text-fig 4 
and PI 1, fig 4) Owing to the smallness of these structures no indication 
could be obtained as to whether they divide by simple fission or by sphtting 
lengthwise m the manner of chromosomes 

In the stages represented by PI 1, fig 8, there are not yet any indications of 
transverse septa Nevertheless, septa are formed early in primary myceha, 
but they can be demonstrated only by the tanmc acid-crystal violet method 
Transverse septa seem to onginate from small condensations m the outer cell 
membranes both m the young primary myceha (PI 1, fig 5) and the secondary 
myceha (PI 8, fig 25) 0rskov described this development in secondary 
myceha but did not observe it in the primary perhaps owing to the less perfect 
staimng by the less adequate methods then available In PI 1, fig 5, the 
spore that gave rise to one of the young primary myceha is to be seen, some of 
the transverse septa are fully developed, others are only rudimentary In 
older hyphae septa are more widely spaced 
Though primary myceha are septate they never break up mto single cells 
and m this respect differ sharply from the secondary myceha 
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B The origin of the ‘vtUial celU' 
pnmar> mycelium has rcoched a certain stage of ctc\ elopment 
agglomerations of hyphae appear in the form of skeins network and scrolls 
In A gardnen they ore compact, nest hkc, m others thej consist mainly of 
rolledupend and side-branches BTien^d gardnm is grown on the haj decoction 



Text fig*. 1-14 outlining the life cycle of fpore^bearing Actlnomycete** 

Text-Og 1 netting tpore. 

Text Dg S Germlnetlng sporcs (Type A gardnrri or a/&oij»rc«t ) 

Text Qg 8 Three germination tuhnlei have been formed 

Text 8g 4 \ OMng primary myceUum, apore ttlU vlsiblee (Septa not drawn ) 

Text ngt, 6 Fllamenti in nett fonnatkm (Septa and nnokor ttruotnre* not drawn ) 
Text fig 7 ArUng of Initial ceOt. (Septa and ondemr ttractures not drawru) 

Text fig 8 Initial cells 

Text flgi 0 10 Young aecondary mycella. 

Text fig 11 Nuclear cyllodert of teoondary hypfaoe have ipUt up Into ebromoeomes 
Text^fig IS Pairs of ohrosnotomes are going to form the spore nuclei. 

Text fig IS, Newly formed spores stHI coonected with each other 
Text fig 14 Mature spores 

medium which encourages spore forniation» the filamentous nests appear on the 
second day of growth and are conspicuous under low magmficatioD (PI 1 
figs 9 10 and Text figs 6 6) In these areas new cellular elements arise at 
the pomta where two filaments are m close contact (Text-fig 7) In the com 
pact nests of A gcxrdnen the first changes that can be detected are usually 
darkly stainmg nuclear granules standing out from the tangled filaments. 
These granules which represent the rudiments of the new cells are surrounded 



26 


E. Kheneberger-N ohel 

by delicately staining cytoplasm and later on develop a membranous outline 
Oecasionally small ‘nests’ are found with only a few new cells m the process of 
formation In PI 2, figs 14 and 15, two and four respectively of these new 
cells are to be seen in the centre of converging filaments PI 2, fig. 16, shows 
a cluster of such new cells m some of which the chromatimc body and the 
snrroimdmg cytoplasm are clearly visible (see also Text-fig 8) When these 
cells are fully developed, the filaments from which they arose stam feebly and 
seem to fade away The newly formed, bnghtly stammg ‘ mitial cells ’ elongate 
and grow mto the secondary mycehum 

The second type of mitiation can be seen, starting durmg the first day of 
mcubation, m a vigorously growing culture of ^ madurae The filaments either 
roll up mto a scroU and entangle, or very short side branches bend round until 
their tips make contact with the mam branch from which they sprang, thus 
producing small loops (Text-figs 5, 6 and PI 1, figs 7, 8) Though the rolling 
up IS the rule m the stram of A madurae studied, network and skem-formation 
occur as well Thus a new element may form where two separate cells touch one 
another as m PI 2, fig 11, where two nodes representmg the rudiments of two 
‘mitial cells’ have arisen When these cells elongate and are still m rigid 
connexion with their parent filaments they are forced to grow mto a loop 
(PI 2, fig 12) If one of the mt’erconnexions gives way (for at that stage the 
primary mycehum seems to be fragile), the young secondary filament imbends, 
formmg first a hook and then a straight, wide, darkly stammg filament 
(PI 2, fig 18) Imtial cells often become wholly separated from the pnmary 
mycelium, growmg mdependently to form secondary myceha on top of the 
decaymg pnmary filaments 

The condensation of filaments descnbed above is a constant feature m the 
four species of Actinomyces so far exammed It is seen first at the centre of the 
colony and later at its penphery Wherever it arises mitia) cells develop , these 
in turn develop mto secondary myceha 

C The secondary mycelium 

When the mitial cell elongates, its deeply stammg chromatimc body de- 
velops mto an oval or cyhndncal structure This, like the whole cell, seems to 
divide by a process of fission, formmg rows of oval or cylmdncal cells PI 2, 
fig 18, shovs a nest m the centre and rows of bnghtly stamed secondary cells 
lying on top of the fadmg pnmary mycehum m A chromogenes Here the 
secondary mycehum is the only conspicuous type of growth The fully grown 
hyphae consist of long cells with characteristic, deeply stammg chromatimc 
cyhnders, closely resemblmg the so-called ‘fusion cell’ of spore-bearmg bacilli 
(Kheneberger-Xobel, 1945) Cells of secondary hyphae of A albosporeus are 
depicted in PI 2, figs 17, 20, and of A gardnen m PI 2, fig 21 

These myceha are charactenzed not only by their chromatimc cylmders but 
also by their easily stamable trans\erse septa, vhich are usually visible m the 
HCl-Giemsa preparation (PI 2, figs 17, 20) and very conspicuous m prepara- 
tions stamed for cell membranes Long compartments of a fully grown hypha 
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leparatcd by well-defined transverse septa can be seen in PI 2 fig 19 The 
secondary mycelia are often composed of &irly straight, diverging filaments 
with fewer side branches than primary mycdia. The side branches, which are 
produced by sprouting, are slender at first and their nuclear structures often 
not yet clearly developed, but when fiiUy grown they alwa^'s resemble the 
mambranclu In Text figs 9andl0 youngsecondary myechaaredrawnasthey 
appear when stamed for nuclen In PI 2, fig 22, two young secondary myceha 
are shown as they appear when stamed for cell walls It should bo mentioned 
that in such preparations the tips of filaments and sprouts are often darkly 
stained, suggesting a condensation of the membranous substances Smee the 
secondary hyphae arc distmcUy septate it is not surprising that they break up 
readily, and m some organisms, for example In A gardnert, they usually break 
up into smgle cells (PL 2, fig 21) which have the same structure and gro w th 
potentialities as the cells of unbroken filaments 

D The formation of the tporet 

The chromatin cylinders of the secondary hyphae change in a characteristic 
way before the spores are formed At first they show irregular intersectioni 
and as the divisions develop a more or less regular pattern appears (PI 2 
fig 28 and PL 8, figs 24, 28) As outlined diagrammatically In Text fig 11 
short chromatuuc filaments or dumbbells appear lying across the longer axis of 
the cells They often occur m pairs, either lying parallel to one another or m a 
V or X-configuratiom In their shape situation m the cell and arrangement m 
pairs, these structures strongly resemble the so-called dumbbell bodies or 
‘chromosomes’ of bacteria (Neumann, 1941, Robinow, 1943 1944 Kliene- 
berger NobeL 1045) They are not always clearly demonstrable, sometimes 
only open loops can be detected , but repeated examinations of similar material 
provides convincing evidence that division of the chromatinic material occurs 
regularly whenever spores are bemg formed. The short filaments dumbbell 
bodies or ‘chromosomes’ set free by this process of division seem to be the 
elements which later on make up the spore nuclei It is diflQcult to decide 
whether one or two of these elements go to form the chromatin body of each 
spore but, smee later stages often show two crescent-shaped chromatinic 
bodies almost formmg a ring it seems justifiable to conclude that two elements 
go to form the spore nucleus. In the young spore the chromatinic substance 
usually appears to be disk shaped with a nng like condensation of nuclear 
material at the edge (PL 8, fig 26) later probablj by condensation it takes the 
shape of a sphere (PL 8 figs. 37 29 80) The changes leading to the formation 
of the spore arc outlmed in Text figs 12 18 end 14 

When the round spore nuclei are bemg formed m the secondary hyphae, new 
septa start to develop subdividing the large compartments into smaller ones 
as mdicated in PL 8 fig 26, and completed in PL 8, fig 88 That each small 
compartment corresponds to one single spore cell can be seen when fig 81 is 
compared to fig 88 m PL 8 Each shows a different sporing side-branch of 
A cAfomogens* prepared from the same series of covcrslip cultures in fig 88 the 
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septa, in fig 31 the nuclei have been stained It will be seen that in approxi- 
mately the same length of filament the same number of compartments and 
nuclei is found Famtly stamed septa of spore compartments can also be 
detected m PI 3, figs 29, 30, illustratmg spores stained for nuclei, vhile m 
PI 3, fig 32, two sponng hyphae stained for cell walls are shown, here the 
septa of the spore cells are ver}’’ distinct In the nght-hand hypha some cells 
are m the process of separation and show two membranous borders at the 
point nhere they break Thus each single spore, consisting of a round chroma- 
timc body and surroundmg cytoplasm, appears to be enclosed m a spore case 


DISCUSSION 

Most investigators ot Actinom\ cetcs have used either stamed smears or livmg 
matcnal for their studies As 0rkov pomted out m 1923, smears are very un- 
satisfactor}' for elucidating the complex growth of the ray fungi, on account of 
teanng and disintegrating the whole culture On the other hand his improved 
method of stud} mg the groivth on the agar surface — rightly followed by many 
later workers (see Enkson, 1935) — though not dislocatmg the culture, does not 
allow the demonstration of cellular structures, so important for the recognition 
of a particular stage of growth. The methods used here avoid dislocation and at 
the same time perimt the differentiation of chromatinic bodies, cytoplasm and 
membranes Regularly arranged chromatimc structures have hitherto been 
observed by Badian (1930) and von Plotho (1940) Schaede (1C39) was tmable 
to demonstrate any nuclear matcnal in Actinomycetcs Badian was concerned 
only w ith the chromatimc material and did not study septation His interpre- 
tation of the changes m the chromatimc matter durmg development is some- 
what speculative and his evidence is not very convmcmg Von Plotho, though 
not realizmg the whole complexity of the cycle, described a Feulgen-positive 
substance m Actinomycete-s which concentrated and divided during spore 
formation. She also observed septation m sponng hyphae Her descnption and 
photomicrographs are m good agreement with those presented above 

Apart from these papers there is little m the literature about a regular cell 
morphology m Actinomycetcs Two conceptions, which appear to have been 
generally accepted, may be mentioned Lieske’s and 0»^kov’s view, that the 
pnmar}' mycelium of 0rskov’s group I, compnsu ^ „.mmg organisms, 

IS umcellular, has not been confirmed Though the primary mycelium does not 
break up and the septa can be demonstrated neither m the living state, nor 
when stained wathout the preceding application of a mordant, transverse septa 
are undoubtedly present Secondly, the description of spore formation as 
found m Licske’s and 0rskov’s monographs, that ‘ Spores are formed from the 
aerial hvphae without any previous segmentation of the cytoplasm’ (Topley & 
Wilson, 1940) can no longer stand, for durmg spore formation the hyphae are 
separated by transv erse septa into small cells, each of w hich will develop into a 
spore 

The mam features of the developmental cycle of the Af tinom} cetes studied 
are outlined in the Text-figs 1-14, and appear to be as follows The spore 
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consists of a round chromatinic body, cytoplasm and a spore case, it germinates 
by sprouting Its nuclear body divides into two structures and partition 
products of these enter into the germination tubules The pnmarj mycelium 
develops further b\ stretching and sprouting accompanied by division of its 
small nuclear bodies which ore found m all side branches Eventually the 
whole pnmarj mycelium is composed of compartments of different length 
divided from each other by delicate transverse septa and contammg probably a 
variable number of small rod like or sphencal chromatmic bodies The hyphae 
of the much branched primary mycelium ore usually more l^Aoited and un 
dulating than those of the secondary mycelium 

As soon 05 it is well developed the young pnraarj mycelium produces 
agglomerations of filaments in many areas, first m the centre of the colony and 
later at the periphery Where two parts of one filament or two different 
filaments touch each other new elements anse, which consist of darkly staining 
nuclear bodies sinrounded by cytoplasm and later on enclosed by a cell wall 
(cf Lieskc s (1021) ‘ Vierhyphcnsporcn*) For these the name imtial cells is 
proposed smee the> imtrnte the secondary mycelium It is probable that at the 
points where two filaments make contact with each other the content of two 
cells, belonging originally to two different hyphae or parts of hyphae fuse 
together so that the initial cell may be regarded as a fusion cell and m 
particular, its chromatmic body as a fiision nucleus Though it was not possible 
to follow up the process of fusion itself, both the nest* formation and the 
structure of the secondary mycelium favour such an assumption The elements 
of which the secondary mycelium is biult up closely resemble the so called 
fusion cells previously described for certain Clostndia and Badllu$ mycoidet 
They differ however m their origin In the bacteria the fusion of the chromatmic 
material takes place m one and the same cellular compartment while m 
Adtnomyces it Is supposed that two nuclei or contents of different cells melt 
together to form the Imtiol cell. 

The imhal cells grow into the secondary mycelium by a process of sprouting 
and subdivision of cells The secondary hyphae are composed of fairly long 
cyhndncal cells each of which contains a big deeply staining cylmdneal mass of 
nuclear material The transverse septa subdividing the hyphae, ore very well 
defined and easilv ^ ^'itrahle The hvphae often break up mto single cells 
particularly m on certain media These single, ceils have 

exactly the same structure as those of the hyphae and they are able either to 
grow out again into a new secondary mycelium or to form spores The 
conception of the primary mycelia as a haploid phase and the secondary 
a diploid phase is a promising speculation but m order to prove this an 
analysis of ‘chromosome' content complemented by observations proving 
the actual fusion chromatm would be required Such evidence ivill be 
difficult to obtam smer all the dements concerned are of exceedingly small 
dimensions 

Spore formation begins by division of the nuclear cylmders in the cells of the 
secondary mveehum The products of this nuclear division are of definite 
shape and their arrangement seems to follow a regular pattern Whereas the 
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nuclear cylinders occupy a longitudinal position in the cells, the small rod-hke 
or dumbbell structures derived from them he across the cells, singly, but more 
often in pairs, either parallel to one another, or in V - or X-like configurations 
Just as the cell of the secondary mycelium resembles the fusion cell of certain 
spore-bearing bacteria, the small rod-hke structures resemble the bacterial 
‘chromosomes’ seen m both the dividing cell and spore formation It is 
therefore justifiable to conclude that, unlike the primary mycelium the 
secondary mycelium has m common with spore-bearing bacteria certam 
features such as the chromatimc cylmder in the vegetative cell and the 
cliromosome-hke rods with their regular arrangement m the spore-forming 
stage On the other hand the secondary myceha of Actinomyces differ from the 
spore-formmg bacteria in their multiplication by sprouting and m the actual 
formation of the spores In the spore mother cell of spore-forming bactena one 
‘ chromosome ’ develops into the spore nucleus, and the three remammg ones 
are extruded In the spore-forming Actinomyces the ‘ chromosomes ’ appear to 
be used up in the process of spore formation, one pair bemg necessary — if the 
difficult observations have been rightly mterpreted — for the formation of a 
disk-like or sphencal nucleus In bactena the big single spore chromosome is 
at first an open loop and later a disk-hke structure before it takes its ultimate 
position and shape as described by Robinow (1942) Formation of new septa 
takes place in both groups of organisms, m bactena, to separate the spore cell 
from the remainder of the mother cell, m Actinomyces to separate each spore 
cell from its neighbour in the filament 

The newer methods for the demonstration of cellular structures m bactena 
have revealed new features m Actinomycetes, contnbuting to a better under- 
standing of their life cycle It is probable that application of the methods to 
many more species and groups of orgamsms will shed new light on their 
position m a natural system of classification of microbes 
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Fig 27 A gardnen, secondary mycelium m -which the round spore nuelei have developed, 
HCI-Giemsa x 2000 

Fig 28 A o/ftoiporeMS, ‘chromosome stage’, note the two creseent-shaped filaments which 
seem to he dra-wn apart, HCl-Giemsa x2000 

Fig 29 4 gardneri, the -whole secondary mycehum has been transformed into spores, 

HCl-Giemsa x 2000 

Fig 30 A albosporeiis , termmal branches of secondary mycehum have been transformed 
mto spores , HCI-Giemsa x 2000 

Fig 31 A cAromoge/ies, a spore-beanng hypha showing nuclei, HCl-Gien a x2000 

Fig 82 A gardnen, secondary mycehum, note two horizontal filaments- which have 
di-vided up mto short spore cells , tanmc acid-erystal -violet x 1600 

Fig 33 A chromogenes , a spore-bearmg hypha showing septation, tannic acid crystal 
-violet X 2000 


{Received 3 April 1946) 
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A Cytological Study of Myxococci 

EHUIY KLlENEBEnCER NOBEL 

From the Sacterioto^fcat Department Lister InstiUUCi London 

Sl/MAtAIl\ M^tcococcI nre disUnguIslted fron> other bacteria bj the complete lack 
of a cell membrane a* well as of trans\'cr*e septa. E\'en the ralcrocyit Is enclosed by 
an outer lajTr which dJffen from a bacterial cell irnll In cj’tological character the 
j'oung riages in titc life ejeJe resemble other bacteria in so far os tlwy contain two to 
four small nuclear strucUires or chromosomes nrranged tnmsvmelj in the cell and 
dh’iding longitudinally Older organisms about to form mlcrocyste differ they 
contain two fairly loi^ nuclear structures which fuse to form a round chromatfnic 
body At tJie same time tlie cell shortens until a round organism containing one large, 
round darkly staining nuclear body is formed Tlits fbsioncell can be compared to a 
zygote though it la not yet the resting cell of the spedes The fusion cell becomes mal 
its nucleus diddet Into two and Its outer layer becomes tough and dense. Thus the 
microcyst Is formed ^^’he^ It germinates Ks outer byer disappear* and the cell is 
transformed by elongntion Into the young \*egeta1i>T organism. 

A study has been made of the life cy’clc of myTcococci by methods used in 
recent y'cara for the fbnng and staining of nuclear structures, cy'toplasm and 
membranes in bnetena (Kllcncbergcr Nobel 1045 1047 Robinow 1942 
19*4 10*5) The organisms mvesligated were il/ytwoccur /u/pux 3/ virescens 
and Ckondrococcui exiguta They were kindl\ provided by Dr Singh of the 
Rothamsted Experimental Station* 

METHODS 

The methods employed are similar to those used m enrher work (Klienebergcr 
Nobel Z045 1047) The nuclear structures of young cells could be demon 
ctnited by stauung fixed preparations with Gicmso’s solution The more 
adN'anced stages, particularly the nurture microcysts needed the acid treat 
nient before staimng The best growths for examination were obtained in the 
moist none on the covershp round the piece of ngnr Here the cultures de- 
veloped freely and vrcrc not disturbed when the agar was removed. A water 
agar enriched by a heat killed suspension of BaeUnum edi in sahne served as 
the medium (Singh 1040 1047) Seitz filtered glucose solution (Stanicr, 
1943(2 b) and small amounts of dung extract were frequently added to 
promote growth. Softness of the agar was advantageous. The mcubation 
temperatures voned between 25 and 84 For the study of the germination of 
the microcy'sts it was necessary to incubate at temperatures slightly above 
80® in order to ensure a quick and simultaneous development. 

THE LIFE OCLE 
(o) The germinalion of mteroeysU 

The mature almost round microcyst occurs in the fruiting bodies of culture* 
3-4 weeks old. It possesses a thick, dense outer layer which Simula^ a 
membrane and stains deeply Two nuclear structures, which arc usuaUv m 
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close contact, are demonstrable m mature microcysts after treatment with 
HCl (Text-fig 15) 

In old cultures varying numbers of disrupted cysts are frequently found 
They appear to arise through an extrusion of the contents of the microcyst 
(PI 1, figs 9, 10) The two nuclear structures or granules are distinguishable m 
the extruded matenal When cultures on fresh media are exammed at short 
mtervals it is found that the disrupted cysts show no further development and 
that their number does not mcrease They must therefore be regarded as dead 
They might easily be mistaken for gemunatmg cells if the mode of microcyst 
development was not known (see Beebe, 1941, Badian, 1980) Other forms m 
old cultures which show no further development are organisms which have not 
been able to complete their cycle hy formmg microcysts 

If mature microc)^ts are spread on agar and mcubated so that they develop 
more or less simultaneously, germination can be observed clearly At first the 
microcyst swells shghtly and gradually acquires a transparency until its 
staining quahties are comparable to those of the young vegetative cell At the 
same time its definite contours gradually become less distmct, its nuclear 
structures, which now appear bigger, more deeply stainable and conspicuous 
than m the restmg cyst, move further apart (Text-figs 1, 2) Up to this pomt 
the actual shape of the cell may not have changed noticeably, but from 
now onwards the cell begins to elongate (Text-fig 2, PI 1, figs 1—4), or 
occasionally to develop a finger-hke protuberance (PI 1, figs 8, 4) Thus the 
microcyst slowly transforms itself mto the young bacillary form which possesses 
no membrane and contains two darkly stammg nuclear structures (Text-fig 8, 
PI 1, figs 2, 7) On occasions a subdivision of the nuclear structures has 
already started m this very young stage and the bacilli show two pairs of 
nuclear structures (Text-fig 4, PI 1, fig 5, a) The mode of germmation is not 
sudden, there is no burstmg of a ‘shell’, nothmg is left behmd when the young 
bacillus is formed The whole process is a gradual one the tough outer layer 
disappears, the cytoplasm becomes transparent, the nuclear structures swell 
and move apart and the cell elongates and takes on the bacillary shape The 
first bacillary elements have been observed after 4-6 hr of mcubation and 
after 10-15 hr the majority of microcysts have been transformed mto rods 

(6) '^he development of the young vegetai%ve cells 

The jmung cells are slender orgamsras and do not possess a cell membrane 
proper or any transverse septa These elements, which are so charactenstic of 
the Eubnctenales, were never demonstrated m myxococci by meansof Robmow’s 
(1944) method for the stammg of membranes, although tests were earned out 
repeatedly during the course of this study The cells gradually divide mto two 
by constriction (Text-fig 6) "When division has been completed the pomted 
ends of the resulting cells round off Before a cell divides its two nuclear 
structures divide lengthwise mto four bodies (Text-figs 5, 7), which are often 
connected bj’ a skem of chromatmic matenal until the constnetion sets m 
This deeph stammg skem sometimes resembles a continuous nuclear band, but 
close scrutim of dclicatelj stained preparations reveals the fact that the young 
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vegetative otganisms contain two to four single chromatime structures 
arranged more or less transversely to the axis of the cell (PL 1 figs 5-^) In 
their arrangement and mode of division they closely resemble the eo-called 
‘chromosomes* of other bactentu 

(c) The formotion of* fusion ulh' 

When a culture is well established and the young vegetative organisms have 
spread over the medium many c^is start on a new development. The two 
nuclear structures of each cell Increase m sue (to about double) as if preparing 
for longitudinal division, yet they do not split but remain ‘ double-six^ bodies 
(Text ftg 8) The cell now be^mes shorter and the ‘ double-sixcd bodies 
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approach each other (Text fig 0 PI 1» figs 11 12, PI 2, fig 18) Eventually 
they fuse and form a rod like and later a round and conspicuous chromatinic 
stracture (Text figs 10 11, PL 2 figs 14, 16). The cell shortens imtil finally a 
roundish cell with a round or nng hke nuclear body results (Text figs. 10 11) 
This cell, which I have called a ‘fusion cell might perhaps be regarded as the 
end stage of the cycle yet it is not the resting stage, which arises from it by a 
further devdopment. The fusion process occurs particularly in the centre of 
swarms of myxococcal cells that are coUectmg together m order to form the 
frmtmg bodies 

(d) The formation of the microcytis 

The nuclear body of the ‘fusion cell* (Text fig 11) soon stretches and grows 
into a rod or dumbbell like structure (Text figs 12, 18a PL 2 figs. 16 17 
10) At the same tnne the whole cell enlarges and stretches to the oral form 
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As development proceeds its nuclear structure divides into two round bodies 
whieh usually, but not always, remam connected by a string of chromatinic 
matenal (Text-fig 14) At this stage the cell has acquired a greater affinity 
for dyes and at the same time formed a tough, dense outer layer Thus the 
microcyst is formed (PI 2, figs 16-18) With increasmg age the microcyst 
becomes more round and smaller, its nuclear structures move more closely 
together and the whole cyst’s affinity for dyes is now very pronounced (Text- 
fig 15) In Chondrococcus exiguus the rearrangement of nuclear matenal that 
occurs dimng the maturation of the fusion cell suggests that a reduction of 
chromatin may take place The cyst-forming cells often show a subdivision of 
their nuclear material into four structures instead of only two (Text-fig 135) 
It was, however, not possible to determine whether two of these four structures 
vere finally elimmated, or if they jomed up agam to form the two chromatimc 
bodies found mvariably in the mature rmcrocyst, or if these cells were involution 
forms The development of the fusion cell may be regarded as a step towards 
the development of an embryonic vegetative cell , for the nuclear apparatus of 
the young vegetative cell is already fuUy developed m the restmg microcyst, 
just as the embryo is already present in the mature seeds of higher plants In 
contrast to the vegetative forms the microcyst is resistant against drjung and 
ageing When it eventually germinates on a fresh medium the young vegetative 
form arises as described under (a) 

DISCUSSION 

There are only a fev papers dealing with the cell morphology of myxococci 
The first of these v as published in 1910 by Vahle He used osmic acid fixation 
and stained v ith methylene blue He describes and illustrates the two nuclear 
structures of the vegetative cell and their subdmsion into four m dividing 
cells He has also seen two structures in the ‘ spores ’, or ‘ microcysts ’ as they 
are called now As knowledge regarding nuclear structures m bacteria was in 
an uncertain state at that time it was not possible to link up Vahle’s observa- 
tions with findings m other organisms and his valuable contribution to the 
c}4:ologj’^ of micro-orgamsms v as lost Four recent workers, the Krzemieniewski 
(1928), Badian (1930, 1933) and Beebe (1941) have taken up the study of 
the c^^;olog^' and development of myxococci Badian certainly observed and 
illustrated some of the obvious appearances of the myxocoeeal cell with 
its conspicuous nuclear structures, but he suggests a complicated scheme 
of transformations of the chromatimc matenal during the life cycle of the 
organism which have not been confirmed m the experiments here desenbed 
Beebe, as well as Badian, obseir^ed genuine nuclear structures in Myxococcus 
xanthus, but his scheme of the development appears obscure, and from his 
e\ idencc (drav mgs and photographs) no definite and clear idea of the cj'^cle can 
be formed It seems certain that both Badian’s and Beebe’s descriptions and 
drawings concerning the germination of microcysts are at fault The observa- 
tions here reported shov that the developmental cycle m myxococci follows a 
much simpler course than was conceived bj these workers The most thorough 
investigation in the morphologv of mvxococci so far made is that of the two 
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Krzcmienicuvski Their observations are m excellent agreement ^th mine 
but ^vere not \rorked out so os to suggest an outline of the life cycle of the 
organisms 

The present observations, together with others already reported, have 
brought to light a number of morphological characters m which endoapore 
forming bacteria spore-forming actmomycctcs and microcyst forming 
myxococci exhibit both sunilantics and dutinctions It has been shown that 
the three groups of organisms have certam charactenstica m common such as 
the chromatin distribution at some stage and the formation of a fusion cell*, 
preceding the development of a resting stage. 
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EXPLANATION OF PLATES 

(Magnification xSOOO) 

PULTE 1 

Fig 1 Myzococcus fulvus Germujfrita^^mcrocysts 

Fig 2 Chondrococats exiguus Germinating microcysts The cysts are stretching to form the 
young bacillary forms 

Fig 8 Myxococcus fulvus Germmating microcysts Note the chromatinic bodies that have 
moved apart and the forms that have stretched 

Fig 4 Af fulvus Gterminatmg microcysts Note the finger-like protuberances 

Figs 6, 6 M fulvus Young bacillary stage showmg two to four chromosomes Note the 
organism at a 

Fig V Chondrococats exiguus Young bacillary stage The couple of chromosomes are 
dividmg mto four 

Fig 8 Myxococats fulvus Young bacillary stage The organisms are drvidmg rapidly and 
each round nuclear body corresponds to two chromosomes which can only occasionally 
be resolved 

Figs 9, 10 M fulvus Burst microcysts 

Fig 11 M vtresccns Older culture The oiganisms are coUectmg m some places in order to 
form microcysts Each organism contams two ‘double-sized’ nuclear structures 

Fig 12 Af fulvus Older culture The organisms are shghtly shortened and the two 
‘double-sized’ chromosomes are approaching each other 

Plate 2 

Fig 18 Myxococcus xnrescens Older culture Some organisms are very short and their 
‘double-sized’ chromosomes have almost fused 

Fig 14 Af vtrescens Older outgrowth showmg ‘fusion cells’, some are almost round 

Fig 16 Af fulvus Older growth showmg various stages of chromatm fusion 

Fig 16 Af fulvus Microcyst formation Notice some small round ‘fusion cells’ with one 
nuclear body and others that ha\e grown mto the oval form and show two nuclear 
bodies 

Fig 17 Af fulvus Jlicrocjst formation, shonmg %’anous stages in the development of the 
small round fusion cell with one chromatmic body to the oval mature microcyst with 
two chromatimc structures 

Fig 18 Af fulvus Part of frultmg body containmg many microcysts 

Fig 19 Af fulvus Microcyst formation Similar stages to those m Figs 16 and 17 Note at 
a and b the stretched nuclear body which has not yet divided 


(Becexved 28 June 1946) 
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Differentiation of the Vegetative and Sporogenous 
Phases of the Actinomycetes 
1 The Lipid Nature of tho Outer Wall of the Aerial Mycelium 
B\ DAGNY ERIKSON 
Eoihamstcd Experimental Stoflon* Uarpenden Ilertt 

SUilMAR'Y Tbc cboracteristlc dry powdery appearance of thp aerial mycelium of 
actinomj cetes and the dinkrully of wrttlng the constituent spore* appear to be due to 
Dpld substance* In their outer ^Tnll*« These substances ait removed by fat soh’enU, 
and wetting agents, de*tro>'cd by alkali and arc probably glyceride in nature. A 
staining vrith Sudan IV in ethanol clearly distinguishes the lipid-containing aerial 
mycelium from the vcgclati\‘e mycelium 

The somewhat greater diameter of the acnal spore-benring filaments of the 
ordinary aerobic nctinomyccte (the Streptomyeet of Waksman, Group I 
Cohnixir^tothnx of Orskov) ns compared with that of the vegetative portion 
of the mycelium has long been recognized (Grakov, 1928) The marked 
resistance of the aenal spores to desiccation was noted by Acosta (1895) and 
BcrcttnelT (1007) who established viability after 9 and 10 years drying 
respectively llore recently von Plotho (1040) as the result of various micro- 
chemicnl and hnctonal tests, stated that <Le Actmomyceten ihre Sporen 
membranen nut Substanzen ausrOsten die den Hyphenmembranen fehlen 
but drew no definite conclusions os to tbc nature of these substances In 
current reports on the production of antibiotic agents from stationary hquid 
cultures of the actlnom) cetes, there is frequent mention of the need for 
optimum yield of active substance of a good surface growth (bearing aenal 
mycelium) The use of moss transfers of spores to obtam an early surface 
growth, and the faflure to do so with an moculum of mainly vegetative sub- 
merged colonics, are well known to all workers in this field. Nevertheless the 
cause of the flotation of the spores and the sinking of the mam mycelium hog 
not hitherto been investigated. That the spores arc strongly hydrophobic is 
evident from the common observation that a drop of water added to an old 
plate bearing a continuous sponng surface growth can be rolled round the 
dish without losmg its shape, acquiring only an external coating of spores 
This phenomenon did not escape the acute observation of 0rskov (1928) who 
tecommended adding a drop of ethanol under the covershp when cxaimm^ 
colonies with an aenal mycelium ‘smee the nenal mycchum, which 
ihnns water, will by this means be drawn down * (p 89) An attempt has 
made to relate this hydrophobe property to the lipid nature of the outer 
layer of the aenal filaments 

Organisms tested 

Two characteristically pigmented varieties were extensively 
member of the Actinomyces coelicolor species group with its ^ 

soluble blue indicator pigment, having spirally coiled aenal hyp c 
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to sphencal spores on most common media, (2) a member of the A griseofulms 
species-group, producmg no soluble pigment with fawn to greemsh straight 
aerial hyphae and cyhndrical spores Both were isolated from soil 

In addition some 100 strains picked haphazardly from routme soil platmgs 
were tested with fat stains They represented a considerable number of 
varieties, mcludmg several members of the chromogenous A albus type pro- 
ducing a melamn on protem-contaming media, A flavus, aureus, jiavomrens, 
ceUulosae, etc No attempt was made to give specific names to all the strains 
The random method of selection ensured a varied sample of the soil population 

Two or three common pemciUia and aspergilli, and some saprophytic strains 
of mycobacteria, sarcmae, streptococci, and coliform bacteria were used for 
comparison. 

Fai stains 

{a) Sudan IV (see Conn, Biological Stains, 1946) None of the methods 
commonly employed for demonstrating fatty substances within cells was 
suitable for this external sheath of fatty matenal As already noted by Lewis 
(1941) dried fixed films are very unsatisfactory for the general run of fat- 
containmg bactena The usual solvents — mixtures of ethanol and acetone — 
are imstable and precipitate the dye overmuch on the slide, though the 
techmque of Burdon, Stokes & Kimbrough (1942), where an emulsion of 
cells is made in the solution of the dye (in their case Sudan black B) and a 
loopful rapidly spread with a circular motion on the shde, ensures that the 
precipitated particles are deposited at the periphery of the drop Using this 
method with a 70% solution of Sudan IV m ethanol, a pmk colour was 
achieved around clumps of 4-month-old spores, 8-day-old spores of the same 
strain did not stam, Mycobacterium phlei, in fairly dense masses, and a sus- 
pension of finely ground beesvax were positive. Bacterium coli and Chromo- 
bacterium prodigiosum v ere negative But in all cases the pmk stain was dull 
and faint compared Avith the brilliant red given by a drop of cotton-seed oil 
Isopropanol, as recommended by Lilhe (1944), improved the mtensity and 
penetration of the stam, but the best results, with no precipitation of the dye, 
vere obtained with n-butuuol 

The following technique ^\as elaborated Actinomycetes are grown on the 
surface of sterile cellophan over agar of different eompositions Portions of the 
grovth are removed entire by cutting sections of the cellophan at varymg 
inter\ als It is possible thus to obtain the whole of the substratum mycehum 
of a colony, vhich otheniise vould be adherent to the agar, together with the 
delicately attached aerial mjeehum in situ, and to preserve both intact on the 
cellophan throughout the staining operations 

A 70 % butanol staining solution is prepared as follows A, stock saturated solution , 
add 0 5 g Sudan IV (B D H 027701/44083) to 25 ml n-butanol, boil (117°), eool and 
filter B, mix 4 5 parts n-butanol with 5 5 parts by volume of ethanol For the 
staining solution, add 7 \olumes of A to 9 volumes of B and filter This solution 
remains stable for months 

The cellophan beanng the growth is stained for 30 mm , dipped for a few seconds 
into 70% ethanol to remo\e excess stam, aashed in water, and mounted either in 
water for immediate examination or perraanentlj m gljcerol jellj 
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In all itrains tested the ^ cgctativc substratum mycelium remamed entirely 
colourless, while the acnal filaments e%cn before division mto conidia showed 
^TiT} mg degrees of external staining Day-old, mmute branches can be dis 
tinguished by the mcnistation of red granules Mature spores m long chains 
arc evenly stamed round each member (cf PI 1 fig 1) Precise deflmtion is 
obtained only if the growth Is not too dense (growth 5-10 days old, according 
to the nature of the medium bemg suitable), the individual filaments of thick 
tufts of sporulating branches, characteristically situated on the crown of an 
older colony, tend to be stuck together with the dye, giving a blurred though 
abundantlj stamed picture. On the other hand, isolated spores mechanically 
disrupted from the branches are often unstained Nevertheless the validity of 
the techmque has been genemll) confirmed by samphng aenal mycelium from 
various slope cultures on diETercnt media, spreading it out on cellophan, and 
staining as obo\ e, whereby the majority of the spores still adhering m chains of 
varying length will take the stam Surface spormg colonies on Uquid media 
require more care m handlmg and must be dried before the stammg schedule is 
applied but a proportion give positive results Covershps pressed on soil and 
sand cultures for a few days then fixed m n butanol and stamed m some cases 
retam conldial branches in a sufficiently undamaged state to take the Sudan 
stam (PI 1 fig 2) 

The composition of the medium, therefore, appears to have no influence 
upon the production of the hpid substance or substances m the walls of the 
eenol mycelium The pomt was further tested by growing the two chief test 
organisms on cellophan strips over a considerable variety of synthetic agars 
siutable for actinomycctes The same differential staining of acnal and sub- 
stratum mycelium was found, although naturally more vivid and consistent 
pictures were obtamed on media such as starch tryptone agar which enhance 
sporulatioa. 

As long as the aenal branches rcraam unbnnsed and unwetted there is little 
dimmution m staining capacity with ageing of the culture Portions of growth 
on ccUophan removed from the agar and kept m the dry state for over a year 
and the surface growth on soil plate cultures allowed to dry out over the penod 
of one year have retained their stanung properties 

No positive results have been obtamed by any method ^nth the bottom 
v^tative growths of actinomycctcs in bquid cultures with streptococci, a 
cham of which resembles m gross appiearance an actinomycctal cham of conidia 
orwithanyoftheardinaryrod shaped bacteno, cocci, or sarcinae tested. The dye 
aggregate* loosely roimd spormg heads of aspcrgilli and pemcillia which, Uke 
t^e of actmomycetes are also difficult to wet. Partial stammg of the lipids 
m the aad fast mycobacteria, which has frequently been described, was 
confirmed. 

(6) Otmte acid The walls of the spores but not the membranes of the vege- 
tative hyphac were stamed a characteristic yellow brown when specimens were 
mverted for 2—4 days over a cell contauung a drop of 2 % osmic aad m a 
moist chamber 
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(r) 0)1 I hr \ XJ,,.; (1, -J-Z/K nmjlnminoanthraqumone, Cslco, 

\rnf nr- id ( \ itn-nul ( o ) nhirli jc ijccd for staining rubber as well as fatty 
‘iil> t'-in"' , ir(< rii):dl\ ndirr in ihc 70% n-butanol solution or m 60% 
If p*ojt iiio) (rf Lillr, prfifliiring in 5-10 min a blueaenalandacolom 
Ir" Mil) Irntuin nnrrliurn uliirh nfftr n ashing are dramatically distingmslh 
nli'r tn !hf nil'll r\r in (ho nnftircr colonics Microscopically the picture is 
iiio-r hhirrrd hy fl\< prrnpitafcs than in comparable Sudan It' stamed 
Ml dona! \ la( (nphrnol solution prepared according to MdUenbergerflOUjis 
el ihlr. and if allo«(<I (o art for 2t-(S hr, the matcnal bemg subsquently 
ys islml in ‘J5 '"j, lartie and, pnes a more c\cn stain 


Krtrcrtinn ’nth fnl solvents 

l\)''(io’i'; 7-da\ -tdd prossth on cellophan o\er Czapek agar were extracted 

in small rosrrrd containers at 33* for 24 lir snth the following fat solvents 
acetone, ether, chloroform wlcnc, benzene, ethanol, n-propanol, isopropanol, 
fert -but mol, and ri Initnnol They were then dried and stamedby SudanlV 
In til casf-s cvctpfmp the n-hiitanol treated specimen, the staining of 
ntnal nij cchum y\a-s \( ry much less than m untreated matenal Then butan 
c\trac ted pninlh though bnllmnth red to the naked eye, showed on nu^ 
scopical cvaniinntion a rather fuzzy outline as compared with ® ^ ! 
probabK <Uic to the enhanced adsorption of the dy'e Acetone, e et, 
benzene removed almost all the stnmablc matenal round the spores, 
were a faint ycllouisli pink Chloroform and ^ 

Ellianol yielded a poorly stained picture with a the 

precipitate Somcwlmt pinker spores were left in the matena p_j|);ane, 

propanols and b\ tlic hr/ -butanol In all instances nj^fthe 

c\ cn if onI\ famth coloured, appeared to be thicker than tec 

substratum mycelium y ftiatthebulka! 

The efficacy of the acetone and ether treatments suggests {a) ^ 

least of tlie fntfv material is not phospholipin m nature, an j- to extract 
V cry firmly bound m the cell wall An attempt was for the 

the substance by a simple modification of Anderson s {1 - gjo^h 

bpids of tubercle bacilli The 5-day -old, abundantly^ sponng m the 

of fifty' plates was submitted to ether-ethanol-chloro orm ^ ^ mujute 

cold The final chloroform extract on evaporation in wcuo 
quantitv of an orange-coloured, wraxy', serm-fluid su s nc Cotton 

too small for detailed tests, tliough it prov ed to be g y cen ® „ aggloroera^^ 

wool fibres rubbed into the substance retained 

winch coloured a brilbant red w ith Sudan IV, and ^ art at least of this 

to osmic acid It is, of course, impossible to prove t a p 
substance was not extracted from the interior o t e c ’ ^ the oW 

noting that Lieske (1921) found that with most ac } a 

dried cultures, which would probably be ^uruckzufohrei' 

small quantity' of ethereal extract *der schembar a 
(p SS) 
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SapomJicaUon 

Portions of 7*<lay old growth on ccUophim placed m ethanolic KOH m 
covered glasi vessels lost almost every vestige of stainable material vrithm 
8 hr at 88® Similar material sealed In a cell with a few drops of ammonia and 
KOH according to the method of Mohsch (1923) yielded after 2 days some 
crystals, presumably of soap as well as amorphous protrusions round the aenal 
filaments Other portions of cellophan growth placed m 10 % ammonia were 
found to show a yellowing and apparent thitfkening of the spore membrane, 
frequently m bipolar fashion, which was visible on the 2nd day of treatment 
obvious from the 6-12th days, thereafter degeneratmg Into irregular swellings 

Action of voetting agents 

I>argc single colomes one month old, were treated for 8 days m 1 % soap 
solution, and also in three difTcrcnt commercial detergents When washed, dried 
and stained with oU blue N they were conspicuously unstamed In contrast to 
colotdes taken from the same plate, which were cither untreated or dipped m 
n butanol Three-day-old growth of the same strain, when immersed in one 
of the detergents (solution A, a sulphonatcd long-chain ester) was wetted 
almost instantaneously and sank to the bottom of the container m less than 
6 Ttun. At this penod it still took up the fat stains, but less vmdly than the 
control Untreated growth which has already taken the stain is not de- 
colorixed by immersion for prolonged periods in the wetting agents Untreated 
spores nde in a la>er on the surface of an aqueous suspension and extend m 
a film up the walls of the tube, the greater part remaining there even after 
5-10 min, centrifugation at 10 000 r p m This property is to a very consider 
able extent lost if the spores are first washed off from the growth in detergent A 
instead of m water the majority go into suspension and deposit on standmg 

Hill work was carried out by the author ai a member of the scientific vtafT of the 
Agricultural Research CounciL 
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EXPLANATION OF PLATE 

Fig 1 Jlature spores stained with Sudan IV, substratum mycehum colourless, cellophan 
growth on agar 8 days 

Fig 2 Aenal mycehum not divided into spores, stamed with Sudan IV, substratum 
mycehum colourless , impression preparation from soil culture 4 days 
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Differentiation of the Vegetative and Sporogenous 
Phases of the Actinomycetes 

2 Factors affecting the Development of the Aerial Mycelium 
By DAGNY ERIKSON 

Experimental Station Harpenden UerU 

SUMMAR\ ^Vhcn first isolated on soil extract agar soil actinomycetes conslstentiy 
produce aerial spores in surface colonies. They retain this property ^ben maintained 
in sterile soil or •when grown on washed sospenslons of common soil bacteria^ living 
or dendt in a water agar medltmi. In sofl* when the composition moisture content 
and temperature are kept constant, the Initial stimulus towards the production of 
aerial mveelium is free access of air the quantity and nature vegetative or iporo- 
genons of the Inoculum and, wittUn a broad range, the pH of the soQ are of minor 
importance. Once growth is established the next most Important factor stimulating 
tporulatlon in the aoll Is also physical, namely dehydration. In natural and sterilixed 
soils of different origins and In a synthetic* toll containing 250 ppjn, of nitrogen as 
nitrate the modes of gr o wt h of different actino my ce t ea stralna are similar and 
generally unchamclcrlstio of their species 

The stress laid upon the variability of the actmomycetc* m general, as 
reflected in their remarkable responrrveness to changes m media, in the 
extensive studies of Waksman (1019)andof Lieske (1921) has been echoed by 
most succeeding workers in the field The two outstanding gross vanations arc 
m pigment production and the appearance of the aenal spore-bearmg 
apparatus Soluble pigment production whether of the yellow brown 
(Tlotho 1940) or of the red blue (Oxford, 1946) type has been shown m mass 
cultures to depend on the pH reached in the varying stages of metabolism of 
different nutrient substances The striking difference between the smooth, 
cartilagmous dense-textured colonies composed of vegetative hyphae only 
and the ‘powdered growth characteristic of an abundant production of aerial 
mycelium arising from ramified substratum filaments (see PL 1, figt. la,6) is 
not so readily attributable to single factors. Nevertheless, the abflity of the 
organism to reproduce itsdf by means of spores is biologically one of its most 
Important properties This paper reports an investigation of some of the 
factors which affect this property 

Composvhon of the medium 

The ^eei of readily available mtrogen, Afanasiev (1987) workmg with 
parasitic and saprophytic strains of Aehnomycee seuhtei, attempted to find the 
CT N ratio which fa'vourcd the development of the vegetative growth only In 
a synthetic solid medium containing glucose as the mam source of carbon a 
high proportion of mtrogen, supplied dther as KNOg or asparagine, partly 
suppressed the development of aenal mycelium The organic mtrogen com 
pound was particulariy effective, a phenomenon noted also by Hriksoii (1985) in 
a group of actinomycetes isolated mainly from human pathological matenoL In 
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twenty of twenty-six strains no aenal mycehum developed on complex 
mtrogenous media such as inspissated serum, blood agar or Dorset egg, and 
only very occasionally a sparse aerial mycehum developed on heart broth 
and glucose heart broth agars Aenal growth was obtained only on simple 
synthetic media hke Czapek’s sucrose or glycerol or Ca malate agars, or 
starvation substrates like 0rskov’s tap-water agar, and with some four or five 
strains not even on these In the present work fifty out of seventy-two strains 
of saprophytes selected at random from routme soil platmgs developed the 
exclusively vegetative growth of the kmd pictured m PI 1, fig lo on a peptone 
Lemco agar vath the addition of 0 5 % lecithm, although aU except five of the 
fifty produced aenal growth on the same peptone agar without the lecithm, and 
aU yielded an abundant development aerial growth hke that m PI 1, fig lb, 
when starch was substituted for lecithm On Czapek’s sucrose mtrate agar 
almost every one produced an aerial growth which was abundant m companson 
with the thinly spreading substratum mycehum 

The exclusively vegetative growth formed on the complex phosphohpin- 
contammg media is almost always considerably bulkier than that produced on 
the simpler orgamc or inorgamc substrates It is also less viable This was 
generally true of about 800 strains of actmomycetes belongmg to Orskov’s 
Group I Readily available mtrogen in excess, therefore, favours the multi- 
plication of the vegetative hyphae at the expense of the biologically more 
economical and reproductively more efficient aenal spores 

Bacteria as a source of mtrogen This is not the case with mtrogen m the form 
of dense suspensions of washed bacteria, living or heat-killed, in tap-water 
agar The vegetative growth is not enhanced, not even for those strains of 
actmomycetes with considerable bactenolytic activity, that produce a clear 
area m the vicinity of their growth AU of 124 strains, which when tested 
against fifteen vaneties of soil bactena, were lytic m varying degrees and grew 
on the bactenal agar with only a moderate substratum mycehum that soon 
ga^ e nse to aenal sporogenous hyphae Both phases of groivth, however, were 
similar m morphology and bulk to those of the same strains grown on bactena 
insusceptible to lysis It would appear, therefore, that the amount of mtrogen 
rendered accessible to the growing actmomycete by the lysis of the bactena 
that it induces must be smaU and httle more than that found m the auto- 
h sates normally present in a suspension of insusceptible bactena In this 
connexion it is notevorthj’’ that a defimte stimulation of growth is observed 
vlien bactenal cells are added to a water-agar medium, but that no better 
growth of the actinomvcete occurs where the bactena are visibly lysed than 
w here thej are not 

Soil extract ^^^len soil dilutions are plated directly on soil-extract agar the 
actmomycetes appeanng as surface colomes mvariably develop some aenal 
mycelium This proved to be the case with seieral hundred strains isolated 
from difierently treated soils, and emphasizes the fact that freshly isolated 
actmomycetes grown on a medium whose mtrogen content approximates to 
that of their natural habitat commonly display their normal powers of 
reproduction by aenal spores 
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Influence of penuUimaie medtttm 

Jones (1940) desenbed the culti'\*ation of actinomycetes m moist sterile soil 
as a means of mamtaimng their native properties The method has been 
effective m the present m»rk though it was found unnecessary to keep the soil 
moist. Several strains were sown into sterile soil, allowed to grow, and left to 
dry m the medium for penods exceeding one >'ear AH were subsequently 
recovered in their ongmal form b> platingon‘s>Tithetic’agar AH such cultures 
developed normal eenol mjeehura on starch tryptone, Ciapek and other 
simple medio, whereas subcultures of the same strains kept in the vegetative 
phase m nutrient glucose broth for prolonged penods and then plated on 
similar media, occasionally produced variant sectors or colonies that for at 
least three or four generations were devoid of oenal growth It is \ ery probable 
that the sparse sporulation found for most of the twenty six strains of patho- 
logical ongm m\estigated by Erikson (1035) was in great part due to their 
continuoua cultivation over a penod of years on rich laboratory media, 

Mtntmal requtranenis for groTCth 

The identification of the substances m a medium which favour the de- 
velopment of aenal mycchum is difficult by reason of the simphcity of media 
that support the growth of the saprophytic soil actmoraycetes The trace 
elements present in tap water and the tmpunties in commercial agar make a 
medium which, since its introduction by Orskov (1028), has been found suffl 
cient for a thin substratum and oenal growth of many strains As the following 
experiment shows very httle need be added to a purified agar to obtain sunflar 
growth. 

To a wen washed agar made up in distilled water were added \'arj’ing amounts of 
sterile giucose in distilled water Pistes were made and seeded with a row of droplets 
of a spore suspenrion from each of the strains tested. After 3 da^’s incubation at 38 
two of seven etmhiB produced aerial mycelium In the pre se nce of 0 0025 and 0 0312 % 
glucose, and vegetative growth with only 0^)010 % glucose. After a fortnight, fair 
growth developed throughout the series with 0-0812% glucose, while all strains 
yielded a very thin growth with a delicate but perceptible aerial mycelium quite 
visible to the naked eye in the presence of 0-0010 % glucose. 

ITie limiting concentration of glucose for growth in liquid media also was 0-002 %, 
usmg sodhnn nitrate or ammonium phosphate as the nitrogen source From eight 
and ten rimilar strains minute colonies were produced as bottom and surface growth 
the sur&u» colonies oil giving rise to aerial hyphae after 2 days. With 0-001 % 
ghiccae, only two or three colonies were produced from two strains. The same liquid 
media without added nitrogen did not support visible growth, 

Nature of tnocuium 

Millard Si Burr (1926) pomted out that to secure early surface growth and 
sporulatjon on liquid cultures moculation of spores is essential The Upid 
nature of the spore membrane (Erikson, 1947) enables it to remam floating and 
to genmnate m the most favourable conditions for aerobic growth vegetative 
growth sinks. The diagnostic criterion of primary vegetative bottom growth m 
liquid media, which charactenxes Group I actinomycetes enunciated by 
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0rskov and confirmed for the most part by Enkson (1985), is by no means 
unn ersally applicable and is indeed limited to subcnltures (a) from substratum 
mycelium on agar cultures, {b) from bottom-growth colomes m liquid cultures, 

(c) from good sporulatmg growth to media m which there is a sufficient con- 
centration ol surfaee-active substances to cause the spores to sink, and 

(d) from poorly sponng material m which the few spores remain attached to the 
\ egetative growth and fall with it to the bottom Unless spores are made to 
sink, surface growth may occur In fact, 0rskov (p 47) ensures that the 
spores do not float by drymg them first on stenle filter-paper, and states that if 
the inoculated spores remam on the siirfaee, they quickly form a mycelium 

The gro\\ th phase of the inoculum used for sowing hqmd cultures may be of 
great practical importance For example, an asporogenous variant of A gnseus, 
producing only submerged vegetative growth in stationary flasks was found by 
Schatz & Waksman (1945) to produce no streptomycin Furthermore, when 
the substratum my'cehum only of active, sponng strams was inoculated, a 
similar type of submerged growth resulted, devoid of antibiotic substance 

Factors influencing growth in natural and stenle soils 

Kubiena & Renn (1985), examining undisturbed, naturally developed soils 
m Nev Jersey, USA, with the aid of a special vertically illurmnated imcro- 
scope, found actmomycetes growing particularly well m the sod spaces 
opening to the surface All their illustrations show the same type of growth, 
predominately aenal tufts of hyphae in more or less compact colomes with long 
twisted strands bndgmg the gulfs between soil crumbs Similar growth was 
obtained when soils from different Rothamsted plots, treated or untreated, 
from Marlborough chalk-doivn arable or from Thames-side pasture lands were 
left undisturbed in stenle Petri dishes In such soils a surface growth of 
actmomy cetes is frequently visible to the naked eye after 8 months or more as 
a faint greynsh i eil round the nm of the dish, where aeration is greatest and 
there is an accumulation of nutrients consequent upon the evaporation of 
vater This growth is almost entirely aerial, and uniformly colourless, although 
the cultu ation of samples on artificial media yields various chromogemc strams 

Growth on buried cotershps Co\ erslips buried beneath the surface of natural 
soils that still retain their natural moisture content become covered with 
grow th commonly' in the form of loose, straggling, vegetative filaments, from 
which occasional sponng branches may arise vherever there is a mmute air- 
space (PI 2) Lutman’s (1945) criticism of the very similar findings obtamed 
b\ Starke\ (1938) as the result of using Cholodny slides — that the shde 
disturbs the soil-particle arrangement and introduces unnatural air pockets — 
IS not ^ alid m the present instance For similar results v ere obtained by burymg 
fragments of eo\ erslips about one or two microscope fields in diameter, which 
can justifiabK be claimed to cause no greater disturbance than many' of the 
foreign particles commonly present in soils 

StmiKation Sterilization of the soil does not affect the mode, abundance or 
the appearance of the growth of aanous actmomycetes Stenle soil moistened 
aitli stenle distilled water, and evenly inoculated with a watery suspension of 
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VAshed, lightl) ground \cpctQti\e mycelium derived (a) from bottom growth 
m liquid cultures (6) from non sporing surface growth on rich agar media, 
developed in 0 daj's at 25® a copious nenal m>cclium covering almost every 
surface crumb As good but no better results were obtained with an aqueous 
suspension of spores of the same strain Successful inoculabons were also 
made with the smallest possible soil crumb which could be lifted on a needle 
from an already grown plate, placed m the centre of a fresh plate of stenic 
dry soil and subsequently moistened b> a fine spray of water 
Site of inoculatiOTiM The importance of the site of moculation for growth m 
undisturbed soils is shown bj the following experiment. 

Discrete colonies, approximately 3 ranu In diameter of AcUnomycea strain 
&513A1, 20 daj’s old with wcll-de^'eIopcd aerial mj’celium which had been grown on 
ceUophan ov-er n 8j*nthetic ngar were cut out and inoculated (a) in the centre of 
tlic bottom of the dish, cellophan downwards, ond the soU cax^ully replaced over 
the colony (b) In the centre of the surface of the soil cellophan uppermost, and 

Tabic 1 Shozenng the tnfiuence of site of tnociilahon on 
spread of actinomyeetes in plates of sienle soil 
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(c) dispersed in sterile water and thoroughly mixed with the soD. In (a) and (6) 26 % 
water by weight was added to the soil uninanured) before inoculation. 

Tbe thm tests were repeated using as Inocula large 2 x 1 In. strips of cellophan 
bearing uniform growth of the same strain After 2 days Incubation at 26* samples 
were taken from the soil plates with o sterile cork borer both from the immediate 
vicinity of tbe centre and from the periphery of the plate, dJhited 1000-fold, and 
plated. 

Table 1 shows that with o surface inoculum growth in the immediate vicinity of the 
site of inoculation is abundant and unrelated to the else of the inocidom (one colony 
or a large strip) j with a buried Inoculum of cither sixe growth is poor and only when 
the inoculum is dl^icrsed does growth extend to the peripboy of the plate 

Covetallps buried halfway between centre and periphery of replicate plates, when 
examined a fortnight later shoired growth of the typical vegetative filamentous 
pattern with the occasional sporing branches portrayed in PL 1 fig 2, in every Instance 
when tbe inoculum was dispersed in three of five cases with the strip on top in two 
of five oases with one colony on top in two of five with the buried strip and in one of 
five with the buried colony At this time a surface development of aerial mycelium 
could be detected mloroscopically in aH soU plates, and was visible to the naked eye 
wherever the Inoculum had b^fen Introduced from abov'e. 

Thus, when the composition of the soil, moistore content, and temperature 
are kept constant, the mihnl stimulus towards the production of sporogenoos 
hyphae is free access of air 

Sw of soil cr um b To test the mfiuence of the sixe of soil crumb and corre 
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spending differences in air-space, allotment soil was graded through three 
sieves of 0-1, 1-3, and 3-4 mm mesh and a series of plates made up with 
different moisture contents obtamed by spraying the water on with an 
atomizer, smoothmg the surface as far as possible, and then autoclavmg The 
moisture content after sterilization was determmed A central plug was 
removed with a sterile cork-borer from each plate, and varymg amounts from 
0 01 to 0 5 ml of an aqueous suspension of spores of Actinomyces stram ‘g’ 
were mtroduced mto the hole, the soil being carefully restored and pressed 
flat The plates were meubated for 15 days at 25° In aU dense aenal growth 
was macroscopically visible m the central area extending from the site of 
moculation irregularly for 0 5-5 0 cm No correlation could be observed 
between extent of growth and the varymg moisture contents (15-25 %) or the 
size of mocula But whereas with the large crumb size (3-4 mm ) a delicate 
grejnsh veil of diffuse aenal growth could be seen almost aU over the plate 
(see PI 2, fig 3), with the finer crumbed soils (especially 0-1 mm ) growth was 
limited outside the central zone to discrete colony masses which sometimes 
reached as much as 10 mm m diameter and which resembled growth on sohd 
artificial media (see PI 2, fig 4) A similar set of plates were stacked in piles m a 
large glass contamer with a httle water at the bottom, and held m a greenhouse 
subject to fluctuatmg day and mght temperatures Here, after the same period, 
growth v as of the t3q3es desenbed above, but noticeably less m extent m every 
case It V as particularly noteworthy that the top plate of each pile showed no 
visible growth, an effect probably due to the adverse effect of bnght sunlight on 
the development of aenal mycelium already noted by 0rskov (1928) In this 
country the ordmary difl'use daylight reaching a laboratory bench m front of a 
windov has not been found to have any such effect, the greenhouse experi- 
ment, however, was earned out during a bnght spell m the spnng of 1945 
Hydrogen-ion concentration All the sterile soils supporting growth were 
maintained at a pH of about 7 0 The natural soils ranged from pH = 4 2 to 8 7 
It has already been mentioned that none of the n&turally occumng or inocu- 
lated actmomycetes growing in the different specimens of soils exammed 
produced pigmented growth An attempt was made to see whether pigment 
production could be induced by varymg the pH A vigorous strain of 
A cochcoJor was sown m massive doses on the smoothed surface of sterile 
soil plates adjusted to pH = 4 3 vnth acetic acid, and to pH 8 6 with sodium 
bicarbonate Growth was fair, but identical in both cases, colourless aenal 
m\ cclium appeanng in the uncharactenstic cottony tufts observed throughout 
this work, ^vlth a sparse development of undifferentiated vegetative filaments 
that became increasingh fragmented as the soil dned However, the spirals 
charactenstic of the aenal hjqihae of this strain could be seen in many places 
irrcspectn c of pH of soil 


Gro'cth tn synthetic soils 

A ‘synthetic’ substrate ph\sicallj similar to soil has been desenbed by several 
imestigators The sand-bentomte mixture of Nadhok (1937) has been found 
most satisfactor\ for growth experiments 
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It was prepered in the proportion of 47 5 g washed ignited quart2 sand to 2 5 g 
bentonite per plate To this ■wni added cellulose In the form of ihredded Swedish 
filter paper or cotton wool and 005 g of the dried Insoluble residue left after 
extracting 5 g of dried nutolysed j’cast three times in 100 ml dUtflled water The 
plates were dry-etenlited. An artificial toll aolutlon based on the a\*eTage flgines 
quoted b> Russell (1027) was made up os follows Ca(NO,), 0 80 g CaSOi O-S g 
MgS04 7H,0 0-7 g K^04 0 025 g K,HP04 0 005 g NaHCO, 0 2 water 
to 1 litre. This gives total solids, in p p.jm ofCaSlO SOj 850 Mg 70 Na55 KlS 
HCOj 140 PO4 8 NOj £50 total = 1001 This solution sterilized separately was 
used os the suspending fluid for the Inooulura of spores and added to the sand plates. 

Growth was visible m 6 days at 25® m plates containing 8-24 % by weight of 
the solution and although sparse m the lower concentrations was of the same 
type throughout — minute tufts of colourless aenal mycelium which m many 
strains were attached directly to the quarto particles (see PL 2 fig 5) and not to 
the filter paper or cotton wool fibres On buned coverslips fragments of the 
initial vcgctati\ e mycelium could be discerned, but often with difficulty owing to 
the obscunng effect of the colloidal bentonite. Enhanced growth was obtained 
with extra nutrients, but the mode of growth was the same m all cases — a 
sparse development of v^tative mj'celium followed b> an early and relatively 
abundant production of aenal sporogenous hyphae on the surface and in the 
oir spaces below the surface. The type of growth was substantially similar to 
that m natural soils native or sterile. 


DISCUSSION 

Any ready evaluation of the factors stimulating aerial growth of soil actmo 
mycetes can only be roughly qualitative because of their ability to develop on 
a rmnimnl supply of nutnents Thus 0 003% glucose in a washed but not 
necessarily nutnent free, agar supplied the requirements for complete growth. 
The provision of mtrogen in excess, however particularly in the form of 
phospholipms in artificial media, favours the growth of the vegetative at the 
expense of the aenal mycelium m a large number of soil actmomycetes This 
effect of nch media can to some extent be imposed on the organisms for strains 
mamtaincd m the vegetative phase m nutnent glucose broth tend to produce 
sporcless vanants when subcultored on to solid media. 

In hquid cultures the primary factor ensunng spomlation is the flotation of 
an moculum of spores upon the surface, made possible by reason of the lipid 
nature of their external surface. 

TTiia work was carried out by the outhor as a member of the sctentlflo staff of the 
Agricultural Research CouncIL 

I wish to thank Dr H, G Thornton F R*S for helpful suggestioni and critidsm, 
and together with Mr Stansfleld for taking the photomicrographs Mr A. V Garda 
for many cultures and for showing me the results of his large-scale isolations from 
different sods Dr A. R, Martin (Imperial Chemical Industries Ltd.) for a supply of 
detergents Ml— Mabel Dunkley and ATIm Maty Williams for technical asslsUnoe. 
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EXPLANATION OF PLATES 
Plate 1 

Fig 1 a Colonies of actinomj ccte 'g' on pcptonc-lecithin medium, showmg only vegetative 
mjccHum — 14 daj's 

Fig 16 Actinomj cete 'g ' — single colonies, on starch tiyptone agar, 2 weeks, showing 
abundant aenal mjeehum 

Fig 2 Co\ ershp buned m garden sod 0 daj s, showing long stragghng filaments of vegetative 
m\celium of wdd Actinomyces — fixed osmic acid, stained haematoxjhn bj Dr B N 
Singh 

Plate 2 

Fig 3 Sod, 3-4 mm crumb, 1 month, showing faint grejTsh \ eil of groivth over soil crumbs 

Fig 4 Sod 0 1 mm crumb, 1 month, shoivmg macroscopic colonies 

Fig 5 Pure culture of 1 coelicolor m ‘svnthetic’ sod — \cast residue, 2 weeks Growth 
attached to quartz particle 


(Recened 23 July 1946) 
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The Assimilation of Amlno-aclds by Bacteria 

1 The Passage of certain Amino adds across the Cell wall and their 
concentration in the intemnl environment of Streptococcus JaecaJis 

Bv E F GALE 

Medical Hescarch Council Unit for Chemical MterolAolcgy 
Btochcrntxlry Departmenl Cambridge 

SUIDIAHY By a method for determining the free anifno-add content of bsoterlal 
cells Streptococats faecaJu (Lancefleld Group D) was found to have free lysine, 
glutamic add omlthloe and histidine in its internal environment, the amount 
depending to a certain extent upon the growth medium The internal lysine and 
ghitamio add are unable to diffuse out of the cefla when these ore suspended in water 
or suitable salt solutions 

AVhen the cells arc grown m a medium dcAdent In omlno-adds, the Internal en 
vironment Is also deddent and those cells can be used to study the conditions govem 
Ing the passage of certain amlnoadds Into the celL L^'shte enters the cell by dUfusion, 
probabl> passing the cell wall In the boelectrio state. Glutnmio add giutamlne and 
his t i di ne cannot pass across the ceD wall tmless energy is supplied by some exergooio 
metaboUsm such os the simultaneous fermentation of glucose. 

Under equHIbrium conditions the internal concentration of free lysine or giutamlo 
add within the cell is markedly greater than that outside tbe lower the external 
concentratloa the higher tbe concentration difference across the cell walL 

Glutamic add Inside the cell can pass out Into the external environment if fer 
mentation Is taking place. The final equilibrium conditions are the same whether the 
glutamic add Is entering or lea\’ing th« cclL Lysine cannot diffuse freely out of the 
cell, but outward migration takes place if fermentation occurs slmaltaneously The 
uptake of lysine by defldent ceDs is decreased by the presence of glucose and this 
effect is in turn partially abolished by tbe uptake of glutamic add In the presence of 
glucose 

Recent studies of bacterial metabolism have thrown considerable light on the 
aminO'acid requirements of bacteria, and of the mechanisms utilized for the 
breakdown of anuno-aclds Generally speaking, the organisms appear to fall 
into two groups Members of the first group which indudes many organisms 
loosely dassified as Gram negative, are able to synthesize most if not all of their 
amino-acid requirements and also to produce a variety of catabolic mechanisms. 
Members of the second group, which include* many Gram positive organisms 
are often able to synthesize but few of their ammo-acid requirements and have 
very r es tr i cted catabolic activities towards ammo-acids Moreover the growth 
processes of the second group (e.g Sirep haemolyticus) are markedly more 
susceptible to mterference by bacteriostatic agents such as penicillin, the 
lulphonamides, certain dyes etc, than are those of the first group (e.g Badentitn 
coli). There would appear to be some fundamental difference between the two 
groups the elucidation of which should add materially to our knowledge of 
bacterial growth processes and thar inhibition by chemical mcaus It is 
possible that thi!< difference hes somewhere in the synthesis of protein by the 
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t'w o groups, but little is known, as yet, of the biochemical changes that mter- 
vene between the synthesis of ammo-acids and their eventual appearance as 
bactenal protem This senes of papers represents an attempt to mvestigate the 
processes mvolved m the assimilation of amino-acids by bacteria, the effect 
thereon of bactenostatic agents, and the differences displayed by Gram- 
positive and Gram-negative organisms 

EXPERIMENTAL 

Methods 

Organism and growth media The work descnbed m this paper was earned out with 
a non-haemolytic Group D Streptococcus (N C T C no 6782) 

Two media were used for growth purposes 

Medium A consisted of a tryptic digest of casfem + 01% Marmite + 10% glucose 

Medium B consisted of a simplified medium similar to that previously descnbed 
(Gale, 1945 a) with the difference that the Marmite was not hydrolysed and no 
cysteme was added 

For diffusion experiments, etc the cells were suspended m a salt solution con- 
taming 0 1 % KH,PO« , 0 33 % Na^HPO* ,01% NaQ, 0 07 % MgSO^ 7H,0, the 
pH was adjusted to 7 2 Dry weights of orgamsm m cultures and washed suspensions 
were estimated turbidimetncally by the use of a Hilger absorptiometer previously 
cahbrated against suspensions of the organism of known dry weight 

Estimation of amino-acids The estimations of the ammo-acids descnbed m the 
paper were earned out manometncally by the use of specific ammo-acid decarb- 
oxylase preparations (Gale, 19456, 1946 a) These preparations estimate the free 
unsubstituted ‘ natural ’ ammo-acids only 

Preliminary work 

In the course of some investigations into the ammo-acid constitution of 
\anous bactena, it seemed probable that the method of analysis of acid 
hydrolysates of thick washed suspensions might give inaccurate results if 
significant amounts of free ammo-acid a ere earned down from the medium 
cither on the surface of the washed organisms or m their mternal environments 
To test this possibihty, a thick suspension of streptococcal cells, grown m 
medium A and washed twice m water, was divided into two equal parts One 
v as h\ droh sed m c 5N-HC1 for 24 hr and the HCl then removed in vacuo, and 
the other v as shaken with glass beads on the shaker (Curran & Evans, 1942) for 
7 hr after which the nable count was reduced to 0 001 % of the initial value 
The tv\o preparations vere then made up to the same volume and their free 
ammo-acid composition determined The results are shown m Table 1,810% 
of the total glutamic acid estimated in the acid hydrolysate was found m the 
free state m the disintegrated cell suspension, 25 5% of the total lysine, 
25 0% of the total histidine and 92 1 % of the total ormthme were also esti- 
mated m the cell dismtegrate No free arginme or tjTosme vas found m the 
disintegrate 

The free ammo-acids of the cell disintegrate might anse m a number of v ays 
Iir^t It is possible that the cell protem beromes broken doim dunng the dis- 
integration of the bactenal cells, if this vere the case it is difficult to see vhy 
no free argmme or tjTosme should be found and repetition of the disintegration 
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at 0® or m the presence of toluene or caprylic alcohol had no effect on the result. 
Secondly the free ammo-acid might be earned down from the medium 
absorbed on the surface of the organism Thirdly the ammo-aads might exist 
m a free state m the internal environment of the cells Usmg the decarboxylase 
method of cstiraatmg ammo-aads it is possible to distinguisb between these 
three possibilities If a decarboxylase preparation is added to a suspension of 
bactenal cells the eniymc cannot penetrate the cell wall and any ammo-aad 
estimated must therefore be present outside the cdJ Fig 1 shows the effect of 

Table 1 The amtno-aad compcsiiwn of Strtp faecalis ceZZs 
Desuiti expresMd at amtno-add N aa % total N 



Add 


Combined 


h^’drotysatc 

IMa integrate 

aminoadd 

Amino- add 

<a) 

(b) 

(a-6) 

/-( + >.Lyibie 

11 80 

200 

8-40 

l’{-¥) Arglntne 

8-10 

0-10 

6-00 

f (-hhGIutamk! acki 

8-00 

1 74 

880 

M-)-Hlitldlne 

384 

0 70 

. 14 

/-<-h)-OnU thine 

1-48 

1 27 

0-21 

l-( — ) Tyrorine 

0 81 

NH 

0-81 


oddmg glutamic acid decarboxylase from the side-bulb of a manometer to a 
thick suspension of washed streptococcal cells m m/ 5 acetate buffer pH 4 5 
(Gale, 19456) A small CO, output occurred, representing the decarboxylation 
of glutamic aad earned down with the ^11« during washmg The amount of 
this glutamic acid vaned with the d^frec of washmg of the cells prior to estima 
tion. If an equivalent amount of the cdl suspension is now dismtegrated by 
shaking the amount of glutanuc acid estimated is greatly increased. The same 
result IS obtamed if the cell suspension is placed m boiJmg water for 10 mm. 
before estimation. If the cells are dismtegrated by mechanical means or dis 
rupted by heat, glutamic aad is released m the free state and this free ammo- 
aad must presumably be held withm the mtemnl environment of the cells 
pnor to disruption. This is confirmed as shown later (Gale A Taylor 1946) by 
the fact that the same amount of free ammo-aad is released firom the cells if 
the permeability of the cell wall is altered by the action of detergent substances 
It IS possible to estimate the free araino-aad content of the mtemal 
environment of the cells by carrying out decarboxylase estimations (1) on the 
intact cells and (2) on disrupted cells, and so detcrmmmg the amovmt of 
ammo-aad released on disruption. Smee placing the cell suspension m boilmg 
water gives the same result as mechanical dismtegration but m a much shorter 
time (10 min, instead of 0 hr ) the cells have usually been disrupted m this 
way in the work to be described. Fig 1 gives representative results obtamed 
with the glutamic aad decarboxylase and a thick suspension of Strep faecalu 
cells Usmg the other specific decarboxylase preparations it was possible to 
show the existence of Ivsme, hisbdine and omithme. m a free state m the 
mtemal environment of these cells No free argmme or tjTosme was foimd 
probably because the organism possesses a very active argmme dihydrolase 
(Hills, 1940) and tyrosine decarboxylase (Gale 1040) so that the growth 
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medium contains no free argimne or tjTosme at the time of harvestmg (Gale, 
1945 a) The action of argimne dihydrolase gives rise to the formation of 
ormthme m the medium and this probably accoimts for the ormthme content 
of the orgamsm Table 1 shows that 92 1 % of the ormthme estimated in the 
hydrolysed organism is found free m the dismtegrate, allowmg for the expen- 
mental errors involved m the various procedures it seems probable that all the 
hydrolysate ormthme arises from free ormthme earned down m the mternal 
environment of the cells and that this amino-acid does not exist in a combined 
form in the protein of the organism 

By the use of this method for the estimation of the free ammo-acid m the 
mtemal en^^ronment of the cells, it is possible to study the factors mvolved m 
the accumulation of such amino-acids withm the mternal environment and m 
their passage across the cell wall 

Diffusion of amino-acids out of the streptococcal cell 

General method Organisms grown in medium A, cells washed once, the mtemal 
ammo-acid assayed, the cells then suspended m water or salt solution at a final cell 
suspension strength of c 1 mg dry weight cells/ml , after a smtable mterval the cells 
arc centnfuged down and made up into a thick suspension for comparative assay 

^^’henlS'/re■p faecalis is groivn m medium A the cells can be shown to possess free 
1} sine and glutamic acid m their mtemal environment To investigate whether 
this free ammo-acid is able to diffuse out of the cells, a thick suspension of 
V ashed cells vas taken, the mternal lysine and glutamic acid assayed as 
desenbea, and the cells then poured into distilled water at 0® to give a final 
cell suspension of approx 1 mg dry weight/ml After 24 hr the cells were 
centrifuged dowm and the internal ammo-acid contents agam determmed 
There appeared to be little or no loss of either lysine or glutamic acid from 
inside the cells It was possible that the cells had been damaged by suspension 
m distilled water so the experiment was repeated, using the salt solution 
described ns suspendmg medium Samples of the cell suspension were centri- 
fuged down at mten als and the mternal lysine and glutamic acid estimated 
Table 2 shows that o\ er a period of 48 lir at 2° there was no loss of mternal 
1\ sine and about 25 % loss of internal glutamic acid It would seem that there 
IS no free diffusion of the ammo-acids out of the cells Table 2 also shows that 
the effect is not dependent on external pH withm physiological limits although 
there is some loss of Ijsine when the external pH is 4 5 

Variation of internal amtno-aad content with age of culture 

The amount of free amino-acid existing m the mtemal environment of the 
cell at nn\ moment must represent the balance between the amount passing 
through the cell wall from the external en\Tronment and the amount being 
metabolized cither b\ breakdown or b\ sjuithesis into bacterial protem To 
determine how the amount of free hsine or glutamic acid within the cell \aned 
w ith the grow th of the cell samples of culture w ere taken during growth from a 
large-scale culture in medium A, the organisms centrifuged down, washed and 
t^i" mtemal ammo acid content estimated Tabic 3 shows the results expressed 
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as fd lysine or glutamic acid m the mtemal environment of 100 mg dry 
weight of cells Cells taken after the culture had been growing at 87" for hr 
showed no lysine but a high concentration of mtemal glutamic acid. Cells 
harvested dunng the growth of the culture showed an increasing mtemal 

Table 2 (a) Lost of lystne and glutarme aetdfrom the xntcmal ermronment 
o/ Strep faecahs aiU on standing tn aminchocidfree tali toltUion 



Time 

(hr) 

pL amlno-neid In internal environment 
assayed on 98 mg dry weight of cells 

Temp 

Lystne 

Glotamlo add 

2* 

0 

15S 

£08 


3 

158 

££4 


6 

158 

SOO 


24 

152 

176 


48 

101 

152 

87 

0 

15S 

208 


6 

148 

198 


(6) Effect of ex te rn al pH on lots of amino^-acids as ahooe at 2 for 24 hr 

Cells ttupended In saH soktUon to that final co&centmtlofi» approx. 1 mg /mL duxlng 
incabatlon 

pL amino-edd in internal environment 
assayed cm 78*4 mg. dry welgbt of cells 


External pH 

Lysine 

Ghitamio add 

Initial content 

145 

109 

4 5 

74 

88 

5 6 

118 

108 

O'O 

120 

108 

76 

120 

IID 

65 

103 

03 

9 5 

98. 

100 


Table 8 VanaUon of xniemal ecmeentraUcm of free 
amxnO'Ocids wxOi age of culture 

Internal coocentxatiem Internal cooce n tratlcm 
of i-( + )*ly¥ine of /•{ + )^hrtamlc acid 


Age of 

Growth 

Odl 

Per 

Per 100 

Per 

Per 100 

coitore 

mg cellB/mL 

sample 

sample 

mg cells 

sample 

mg ndli 

(hr) 

medhno 

(mg) 

(pl) 

(/J.) 

(/J-) 

W 

n 

0052 

19 5 

NO 

VU 

80 

185 

4 

0-810 

23-4 

IS 

64 

41 

184 

0 

0-440 

20-8 

46 

210 

41 

197 

8 

o-oso 

222 

60 

225 

67 

260 

10 

0-580 

28-9 

01 

214 

68 

908 

24 

— 

21 S 

89 

164 

16 

57 


content of both lysine and glutonuc acid, reaching a maximum value at the 
period of cessation of active cell division After growth had ceased there was a 
small lots but this was not marked until after 24 hr this loss may be due to auto- 
lysis of a proportion of the cells When it is desired to produce cells contammg 
a high internal content of free amino-ecid (Gale & Taylor 1947) the cells 
should therefore be harvested soon after the cessation of growth m medium A* 
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Passage of amino-actds into streptococcal cells 
The cells used hitherto were grown m the amino-acid-nch medium A and 
■nere foimd to possess a high mtemal content of certam free ammo-acids 
^Vhen the cells were grown m an adequate medium m which the ammo-acid 
content was ]ust sufficient to supply growth needs, e g medium B, the mtemal 
content of lysme, glutanuc acid and histidme was greatly decreased (Table 4) 

Table 4 Vanaiion of mtemal concentraiton of free 
ammo-acid with nature of growth medium 

Growth medium A Growth medium B 



fd /ml 

id m mtemal 
environment of 

pi /ml 

pi in mtemal 
environment of 

Ammo acid 

medium 

100 mg cells 

medium 

100 mg cells 

l-( + ) Lj-sine 

150-200 

170-200 

2-3 

15-25 

/-( + j-Glutamic acid 

150-180 

200-300 

2-5 

9-15 

/-( — )-Histidme 

45-60 

20-35 

1-2 

3-5 


Such cells are deficient m mtemal ammo-acids as compared with those harvested 
from medium A and will be referred to below as ‘ deficient cells ’ By suspendmg 
such deficient cells, after washmg, m solutions of vanous ammo-acids it is 
possible to follow the appearance of the ammo-acids m the mtemal environ- 
ment and to study the factors involved m their passage across the cell wall 
The results vary vnth the age of the culture and the best effects of the type 
descnbed below are agam obtained with cells harvested at about the end of 
active cell divnsion In medium B cells should be harvested after about 
8-10 lir growth at 37° 

General method Organisms groivn m medium B, cells M-ashed once, the internal 
amino-acid assajed, the cells suspended m salt solution contaming known con- 
centrations of ammo acid with or without glucose (final suspension strcngtli = approx 
1 mg /ml ), after suitable treatment the cells are centnfuged down and made up into 
thick suspension for comparatii e assay 

Lysme 

IMien a tluck washed suspension of Strep faecahs cells growm m medium B is 
assaved for internal lysine, the cells suspended m a solution of lysme (100 pi I 
ml , ns abov e) and then centnfuged out of solution at intervals for assay, it is 
found that the mtemal lysme content begins to mcrease immediately the 
deficient cells come into contact with the ammo-acid Fig 2 show's that the 
internal hsme increases rapidh and reaches an equilibrium concentration 
within 20-30 min of contact at 10° and pH 7 2 This rapid rate of passage of 
l\-sinc into the cell is m marked contrast to the complete absence of outward 
diffusion previoush studied The position of the experimental points on the 
time scale is difficult to determine with accuraci as the organisms have to be 
centnfuged out of the U'sine solution before assay is possible The cells are 
usualK centnfuged at c 1500 xg for G mm in the cold and then washed in ice- 
cold water before assa\ so that the abscissae which represent the time for 
which the cells w ere held in h sme solution pnor to centnfuging should probably 
increa''cd b\ C mm 
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1 Aetloa of gtut&mlo add decarboxylasa ooi Intact and dimipted cdia {Strep 
faeeaHe grown tn medlom A), Each ectimatJcm carried out on 00 mg diy wdgtit 
of oellt* 



Fig 2. Bata of appearanoe of lyrlne tn internal envlroQinent of deficient Strep faecalis 
eeJli itnndtng In lyatoe tolotion (SOO pL/mL) at 10 External pH^TS, Internal 
lysine anayed on &S-0 mg dry wd^t (rf caQs. 



60 E. F. Gale 

The eqmlibnum concentration of lysine reached in the cell is dependent 
upon the lysine concentration in the external environment This can be shown 
by suspending deficient cells m solutions of lysme of different concentrations 
and centnfuging the cells down after allowing a sufficient time (8 hr ) for 
equihbnum to be reached m all cases Fig 8 shows the vanation of the internal 
concentration at equihbnum vuth mereasing external lysine concentrations 

Effect of eociernal lysine concentration on rate of entry of lysine Fig 2 shows 
that lysine enters the cell rapidly dunng the first 20 mm of contact If samples 
are taken after 5 or 10 min of contact it is possible to study the mfluence of 
vanous environmental factors on the rate at which lysme is entenng the cell 
Fig 4 shovs the effect of mereasing lysme concentration on the rate of entry 
into the deficient cell Witlnn the concentration range studied the rate of 
entrj' increases v ith increasing external concentration 

Effect of pH on the rate of entry of lysine At pH 4 5 lysme enters the cell 
slowly and the rate mcreases with mcreasmg pH up to 9 5 which represents the 
limit of alkali tolerance for this orgamsm (Fig 5) The isoelectric point for 
lysine is 9 47 and the results shown in Fig 5 suggest that lysme passes most 
easily into the cell m the isoelectric form The final equilibrium concentration 
reached inside the cell after 24 hr at 2° is independent of the external pH 
within expenmental error 

Effect of temperature on rate of lysine entry Lysine enters the cells at an 
appreciable rate at 0° and the rate mcreases with temperature (Fig 0), the 
temperature coefficient over the range 20-30° bemg 1 40, which is only slightly 
greater than that which W'ould be expected for the free diffusion of lysme 
(Da% son & Danielh, 1943) It is possible that the pH effects desenbed are due 
to an alteration m the permeability of the cell wall with pH, m which case the 
temperature coefficient should also alter with pH The value was determined 
w ith cells suspended at an external pH of 5 5 and the value obtamed, 1 86, is 
not significantlj different from that determined at pH 7 4 

Concentration of lysine within the cell A knowledge of the volume available 
for aramo-acids in solution m the internal environment of the cell (the internal 
‘frcc-space’) is necessary" for calculation of the actual concentration of lysme 
inside the cell An attempt to determine this volume has been made as follows. 

The wet \ olumc was measured dircclh bj preparing a thick suspension of washed 
streptococcal cells and placing measured amounts into accurately graduated centri- 
fuge tubes made from sealed pipettes These were then embedded m rubber and 
centnfuged on an Ecco-Bhtz supcrccntnfuge at 7000 g until there was no further 
diminution in the % olumc of the sohd material After hr the meniscus had ceased 
to mow in the tubes and the solume of the mtact cclb was read off The dry weight 
of the original suspension was determined as usual so that it was then possible to 
calculate the \ olume occupied bj a known weight of intact cells 

It IS reasonable to assume that the cells are composed largely of protein and 
•-ince the specific % olume of proteins lies between 0 70 and 0 75 it is possible to 
calcul de the anproMmatc s olumc occupied b\ the sohd material of the cells 
In ord' r not to mmimize the a olumc of the internal free space, the \alue of 
0 70 w r.s tal tu fo’- the specific s olumc of the solid matcnal A senes of expen- 
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External lyilne ooBcentrotlon (pL/mL) 


Fig 8 Effect of external Ijiiite coooentimtion on (1) tntemal lyvlne coDoentrmtkm 
• — • (2) (8) ratio of tatemal/extemal Ijidne oooccntration*, (2) ^ — A cal 

eolation baeed on Totome of Intact cell, (8) A — A calculation baaed on vohune of 
(Intact can len aolld ddxrU) Celli cotpoHi^ In lyvtne solotiooa ai tborm for 8 hr 
at 4 IjjilcM taeayed on S8*0 dry weight of oeOs In each qom. 



fjL lyiloe or ghitamlo add/mL external medium 

Fig 4. Effect of external ooncentratlon of hfatne or ghitainlQ add on rate of appearance 
of these ainlno<adds In the internal environment of deficient cells. • — • lyilne 
temperature— 10 lyilne aaaayed on SOS mg dry weight cells. O — O glntamlo add* 
femperatare— 87* In pressure 0-S% gfocoaef glutamic add assayed on S7 2 mg dry 
-weight of cells. Initial pHa/r S In all casaa. 

frce-space* — 0 277 ml. On the basu of these calculations, the internal lysine 
concentratiorLS ai^ represented by the value* given in Fig 8 Curve* 2 and 8 
•how the variation with the external l 5 r»ine concentration of the ratio of the 
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internal to the external concentration In can’ve 2 values are calculated on a 
basis of the total volume of the intact cell (0 847 ml /lOO mg ), m curve 8 on a 
basis of the volume of the free space (0 277 ml /lOO mg ) The actual value m 
each case vnll presumably he between the two curves It can be seen that the 
internal concentration is three to four times greater than the external when the 
latter is of the value of 800 /xl /ml and the ratio nses to fifteen to twenty tunes 



Fig 6 Pig 6 

Fig 5 Effect of pH on the rate of appearance of lysine in the internal environment of 
deficient cells standing in Ijsinc, temperature =10® External Ijsine concentration = 
lOO/il /ml La sine assayed on 21 2 mg dry weight of cells in each case 

Fig 0 Effect of temperature on rate of entry of x — x , Ij sine — amount entering 33 2 mg 
cells in 5 mm , • — •, glutamme — amount entering 25 2 mg cells in 15 min , 
O — O. glutamic acid — amount entering 25 2 mg cells in 15 min External con- 
centration =100 /il amino acid/ml 

A\ hen the external concentration is 25 pi /ml Thus although the absolute 
concentration within the cell is lower for small external concentrations than 
for high, there is an actual concentrating action across the cell wall which 
increases as the external Ijsinc decreases The actual concentration of the 
internal hsine when that in the external emuronment is equal to 800 pi /ml is 
0 033-0 05 m 

Glutamic acid and glutamine 

The results obtained m the experiment illustrated in Fig 4 suggest that 
hsine passes into the cell most easih at its isoelcctnc point The passage of 
glutamic acid into the cell was next studied as the isoelectric point of this 
ammo-acid lii^s at 3 22 

'Suspensions of defiaent cells svere therefore diluted with solutions of glutamic acid 
th'' pll A-nlues of which svere adjusted to coscr the range 4 0-9 5 The suspensions 
were then incubated for 3 hr at 37' and also at 2’, the organisms then centrifuged 
down and the internal glutamic acid content assayed 
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In no case was there any signiQcant increase m the internal glutamic acid 
content, ^IcHwain Fildes» Gladstone & Kmght (1939) showed that certain 
haemolytic streptococci ncre unable to grow m the absence of glutamine 
although glutamic acid is present. It is possible that glutamine (isoelectric 
pomt 6 56) passes the bactenal cell wall more easily than glutamic acid so the 
experiment wa* repeated with glutamine the use of the dccarboxjlase pre 
paration on boded cells docs not distinguish between glutamme and glutamic 
acid Although there was a small mcrease m the glutamme content of the cells 
under the experimental conditions used this was scarcely significant. ^Vhen 
however deficient cells were placed in casern digest^ with or without glucose, 
there was a marked increase m the internal glutamic acid concentration this 
mcrease being greater m the presence of glucose than m its absence. Finally, it 
was found that when deficient cells were incubated m glutamic acid solution 
containing glucose there was a rapid mcrease of intemal glutamic acid. There 
was, however, no increase if the incubation was earned out at 0 this fact 
enables the rate of entry of glutamic acid mto the deficient cell to be studied 
with greater accuracj than was possible with the lysine system os the reaction 
can be checked In this case by lowering the temperature to 0 

The rate of glutamic acid entry A series of centriftago tubes were pot up each con 
taiolng 25 mk of glutamic add (200 /ml ) in salt sohiUon and incubated at 87 
a steady temperature had be^ attained 2 5 mk of thick suspension of de^ 
fident cells (20-50 mg dry weight of cells per ml ) were pipetted into each tube. At 
the end of 6 10 20 and ^ roln, approx. 20 g of frozen distilled water was dropped 
into one tube and the organisms immediately centrifuged down and washed once In 
ice-cold water before as$a> 

The results ore shown m Fig 7 There was no increase m mtemal glutamic 
acid or glutamme m the absence of glucose. In the presence of glutamme and 
glucose m the external environment, glutamine (or glutamic odd — the de- 
carboxylase preparation docs not distinguish) entered the cell from the time of 
contact and the mtemal concentration reached an cquihbrium value withm 
20-80 imn In the presence of glutamic acid and glucose m the external 
environment, glutamic acid entered the cell but there appeared to be a short log 
phase before glutamic acid entered and the final cquflibnum was reached in 
SO mm. after contact. Using equivalent external concentrations of glutamio 
aad and glutamme, the final mtemal concentration reached was the same in 
both cases The lag period could not be demonstrated with cellfl harvested 
earlier in the growth period. 

In the preliminary tests it was shown that the intemal glutamic acid content 
of deficient celU was raised by incubation m casern digest whether or not 
glucose was present. This suggested that glucose acts as a source of energy 
necessary for the transfer of glutamic acid across the cdl wall and that glucose 
was not the only available energy source, some other substance In casein digest 
being able to act as such. Casein digest consists mainly of amino-acids and the 
ammo-add catabolism of these streptococci is limited to the breakdown of 
argmme by arginine dihydrolasc (HOIs 1940) and of tyrosine by tyrosine 
decarboxylase (Gale 1940) The former is an exothermic reaction and it is 
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possible that argmine may therefore act as energy source for the transfer of 
glutamic acid into the cell Fig 7 shows the mcrease in internal glutamic 
acid that resulted from suspension of the deficient cells in glutamic aciu 
+ 0 1% arginme It can be seen that glutamic acid entered the cell under 
these conditions although the rate of entry was considerably less than that 
achieved vhen glucose was present as energy source 

Concentration of glutamic acid within the cell When deficient cells were incu- 
bated at 37° in glutamic acid-glucose-salt solution), the final concentration of 
glutamic acid attained mside the cell was dependent upon the external 
glutamic acid concentration (Fig 8) Knowmg the volume of the internal 
environment (determined as described above) the ratio of the internal to ex- 
ternal concentration can be calculated The curves show that this ratio rises 

Table 5 Gradient in glutamic acid concentration across the cell wall 
Internal glutamic acid concentrations calculated on the basis that 100 mg Intact cells 


occupj a volume of 0 347 ml 

External concentration 

Internal concentration 

Gradient across 

of glutamic acid 

of glutamic acid 

cell wall 

(/^I /ml ) 

(/^l /ml ) 

(/xl) 

10 

500 

400 

25 

550 

531 

50 

730 

080 

100 

880 

730 

200 

027 

727 

300 

1058 

758 

400 

1100 

700 


from 3-4 for external values of SOO^il glutamic acid/ml to 60-60 for external 
values of 10^1 /ml The internal concentration when the external value 
= 300/il /ml IS approx 0 04-0 06 m It appears that, again, a concentration 
mechanism is brought into play as glutamic acid passes across the cell wall into 
the cell vhich is highly cfTective ^vhen the external concentration is low 
Further light on this concentration mechamsm is obtained when the data 
arc presented in a different form When the internal concentration of glutamic 
acid and the difference bctu cen the internal and external concentrations are 
calculated the values shovn in Table 5 are obtained It can be seen that the 
gradient from external to internal concentrations across the cell wall is 
approximateh constant for external values greater than 100 /xl /ml Below 
this there is a fall m the gradient although this may be less than that recorded, 
as experimental error increases vith decreasing external concentration It is 
possible that the cell vail maintains a constant gradient between internal and 
external concentrations and that this gradient is maintained by some sort of 
secretorv mechanism If the same treatment is applied to the values obtained 
for hsine (Fig 3), where the passage of the amino-acid across the cell wall 
appears to be one of diffusion, values for the gradient across the cell wall are 
obtained which are not even appro"' imatclv constant 

rfftci of pH on ihr rate of entry of glutamic acid into the cell By taking 
samples of deficient cells vithin 10 inin of contact with standard glutamic 
re d glucose salt solutioas it is possible to studj the effect of variation of the 
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external envutmment on the jate of entry of glutamlo acid« All these expen 
ments were earned out in duplicate one set with glutamic aad in the external 
environment, and the other with an equnnolar concentration of glutanune. In 



Fig 7 lUte at entry of gloUmlne or glotanrfo add into deficknt cells in p m e u oe and 
abeence of glacoM Of arginine. Temperature •87* External ooocentratlem of glota 
mioe/^tatai^addM200^/ml IcHialpH«72. I>T7weiglitcrfoeJLIaaMa7ed«20-Oing 
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CoQoentiatiaa of ghitamlo add in external medhnn (pLlmL) 


Fig 6 Effect of external ghiUmlc add concentration jon (o) internal ghitamlo add COD' 
oentratloQ # — # (P) ratio of inteTnal/eztemal glntamie add concentration*, A — A 
based on volome of Intact oellj A — 'i calculation based on vohnDe of 
(Intact cell — toUd debrb). Cells luspended in ^ntamlo add aointions (oontainlng 
salt* and 06% ghiooae) as shown for 8 hr at 87 Initial pH«7-A, Olotamio add 
assayed on S2 8 mg dry weight of ccDs (14 hr coHare) 


no case was there any significant difference in the results obtained , the glutamic 
acid values are quoted m the figures. Fig 9 shows the effectof the external pH 
on rate of entry of glutamlo acid. The various solutions were buffered with 
phosphate buffers nnd pH detenrunationfi made at the begnming and end of 
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each expenment When glucose was present as energy source, the rate of 
glutamic acid entry was small in the acid range, rose to an optimum at c pH 6 5 
and fell less steeply m the alkalme range, the rate still bemg rapid at pH 8 5 
The shape of the curve was essentially a reflexion of the effect of pH on the 
glucose fermentation system and did not give any mformation about the 
vanation of cell wall permeabihty with pH towards glutamic acid With 
argmme as energy source agam the results seemed to depend largely upon the 
sensitivity of the energy-providmg system to pH vanation (Fig 9, lower 
curve), although there was a suggestion that the complete system was more 
effective as the limit of alkab tolerance was approached In general, the use of 
argmme as energy source was unsatisfactory and gave variable results, in later 
studies glucose was used as energy source and the external environment 
imtialiy adjusted to c pH 7 5 

Effect of temperature on rate of entry of glutamic acid At 2° there vas no 
significant mcrease in the internal glutamic acid concentration over a penod of 
3 hr The rate mcreased rapidly with a rise of temperature, the temperature 
coefficient over the range 20-80° bemg 1 94 This temperature curve (Fig 6) is 
typical of an enzyme system (presumably the controlling factor being the rate 
of glucolysis) and is markedly different from that given by the lysine entry 
curve which represents the effect of temperature on simple diffusion Glutamine 
gave a similar temperature curve (temp coefficient 2 85 though the experi- 
mental error was so great that this difference may not be significant). 

Effect of external glutamic concentration on rate of entry The curve for glutamic 
acid (Fig 6) IS markedly different from that given for lysine m that the rate 
rapidly reached a maximum value above which mcreasing external con- 
centrations had no effect on the rate of entry, suggesting the relation existmg 
between the rate of an enzyme action and its substrate concentration rather 
than that of diffusion across a membrane as shown by lysine 

Histidine 

Table 6 shows that a Group D Streptococcus grown m medium A had free 
histidme vithm the mtemal environment although the concentration was less 
than that of lysme or glutamic acid Cells grown m medium B contained little 
or no free histidine Experiments similar to those described vere therefore 
made on the histidine content of the mtemal environment of deficient cells 
incubated m histidine solutions Table 6 shovs that there vas no increase in the 
internal emironment when the cells arc incubated at 0° or 87° in histidme-salt 
solutions but a small increase when glucose was also present m the suspension 
ohase Histidine therefore resembles glutamic acid m that it cannot pass into 
the cell m the absence of a source of energy Table C also shovs the effect of 
external histidine concentration on the internal concentration, and the ratio of 
the internal to external concentration calculated as previously desenbed It 
can be seen that this ratio \aned between 2 and 0 5 ivith external concentra- 
tion, suggesting that, if allowance be made for expenmental error, the internal 
concentration was approximateh equal to that in the external enaironment, so 
that there was no concentration effect across the cell membrane ns there was in 
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the case of glutamic acid The magnitude of the effect is so small m this case 
that no further attempts were mode to study the factors involved. 


Aipartic acid 

No aspartic decarboxylase has yet been discovered so that it has not been 
possible to investigate whether the passage of aspartic acid across the cell wall 
occurs imder conditions similar to those required by glutamic acid. An attempt 

Tabled (a)Vptakeof\-{—)hxsiidin£\nihe\niemtd 
cnvtronTncnt cf dcficteni ctUs 

Drymlgtitof cellj assa7edc333*4 mg Celb tuipended fora^ hr in salt tohitkm oontalnlng 
aOOfd, I-( — ) hixtidlne/mL Initial pH a 7 2, other cccdJtioos u below 
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{b) Effed of external bMtidtne coneentraixon on concentraixon wxihxn tntemal 
envtronmenL Concentrations ealeulaied on a batU of {1) tfolxme of tniad cell 
(2) volume cf {tntad ceU-~toUd debns) (see text) 

Dry weight of oelU atnyed SO 3 mg CocditloDS of inrabationt ceUa nupended in talt 
aolutlan (aboot 1 S mg celU/mL) cootalalng 0-5 % glneoie and hlitldlne as below for 3^ far 
at 3T* 

Kxtecnol Internal hbtidlne Batk) Interaal/extenial 
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was made to dcteimme wbetho* the process took place in the presence or 
absence of glucose by the use of chloramine T as a means of estimating 
aspartic acid 

Dakin (1917) showed that chloramine T reacts with amlnoadds In such a way as to 
liberate COg from the carboryi group In the case of aspartic add^ both carboxyl 
groups are thus attacked nnd Coben (1040) used this fact to estimate aspartio add 
manometrically although the method is non-specifle. Deficient ccDs were therefore 
suspended in i^t solatlons containing aspartic add with and without glucose under 
the usual conditions, Incobeted for 1 hr at 87^ the organism centrifuged down 
washed and taken up in 10% HtS 04 After standing 0*5 ml 10 % sodium tungstate 
solution was added and the protdn precipitate centrifuged down The gnpernatant 
llqxdd was collected In each case neutralized to pH 4 6 and aspartic add estimated 
according to the method of Cohen (1040) 
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Th-'T -n ' Tin n ntti''? rd — ( OOH r-o-ir*' in tf f: o*^'ini':m incnbitcd 

tn‘h n*:pT^ir nr d nloT' li jl r''!!'? inmb'i*''d in Jh'^ p'r ''n''c nf nnpnrtic nnd find 
eluent'' cd ipji’nx ''n inrrri.t'' m — COOH n-hirb p’TibnbU rep^trenfed 

■nsr i'i.'C '’'■jd It It no* pottild'- in fhlTr'r-nt'it^ intr*-anl nnd cxlrrml 

n-tnirlic ncid b_, ‘liit in'-*! nd Iml fb*- remit*. «urr!- t tbn* i.tpirt.rnc.d retemb^r.': 
plut.nmic nc d m tint it p L'"'t mto tbc c'-ll nnK iii tin p'^c''-ncc of n tourcc 
of cn'rrp. *rich at pluro'c 

rFfCi irr' in '-/'pm''!'? i r"r<ii /’n 

Tin cxmnm'^ntt d'tmlnd nbntc' itfr rim'-d o i* m tin prc"-ncc of a tnlt 
to’ution contamnr Xa'‘, K*. ''Ir^. PO", Cl', ‘'O', nnd tm^'-t of Cn"^ DifTu- 
fon experiment t conducted ith otln- c^llt nre often rnnrt Ml , nfTcctcd In the 
r*ctencc of certain lont m the medium, conteoucntly cxpe'imenl.t trerc earned 
out to determine 'K-Inthe* tin uptal e of htme o- clutnmic nc d nat dependent 
ur>on t'^n presence of anx of the ionic constituentt i.nd Tne effect of Cn-^ xrns 
tested bx invesliratintr the uptatc of rlutamic nc d in a medium earcfullx 
freed from tmecs of Cn-^, nnd in the tnme medium tntumted xnth Cn — to the 
point of the precipitation of calcium photphatc To test the effect of omission of 
other ions pamllcl expenments -verc enmed out in tl e usual snlt mixture and 
in a medium containmt: XaCl and buffered b\ x'/v^iO-XallCO. m the 

presence of 5% C0.-i-*^3% X. pns mixture to eixe pH 7 2 under the expen- 
mental condibons The prcscrcc o- absence of Cn. Me or SO', had no sicmficant 
effect on the uptal c of plulamic acid bx deficient cells . nnnlx'xis of the simplified 
medium shoxved that it contained 4 Cptr phosphorus ml 

The uptahe of lx sine xvas independent of the presence of or SO', 

(Ca — xvas not tested) and xvas unaffected bx 0 01 x'-HCX or lodoncctatc, xvhile 
the uptake of plutamic acid xvas inhibited bx’ nnx substance mtcrfcnnp xxnth 
glucolx-sis 

Passage of cmino-cctds out of the cflls and attainment of equilibrium 
between internal and external environments 

General method. The orpanisms xvere pi owi i m medium A, the cells xvashed once and 
the mtemal armno-nad nssaxed, the cells suspended in salt solution — 1 % pluco«c to 
a final suspension strength of c. 1 mg 'mL, nflcr suitable treatment the cells xveie 
centrifuged down and made up into thick suspension for comparative assay 

Glutamic acid 

The -work prexnously desenbed shoxved that glutamic acid passed fimm the 
external enxnromnent mto deficient streptococcal cells tmtil the mtemal con- 
centration xvas considerably greater than that outside the cell, and that this 
mtemal ammo-aad was not then free to diffuse out through the cell wall when 
the cells were meubated m distilled water When, howexer, cells groxm m 
medium A and containing a high mtemal concentration of glutamic acid were 
meubated m a salt solution -i- glucose, the mtemal concentration decreased 
(F ig 10) The glutamic content of the cells dropped rapidly at first and then the 
rate decreased untd, m the case quoted, the mtemal concentration had fallen 
to S4/J /47 mg cells assayed from an initial content of 105 pi /47 mg cells 
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No further decrease in mtcrnal content could be shown over a period of 4 hr at 

87® In the absence of glucose m the external medium no significant decrease 

m the glutamic content of the cells occurretl 



pH of external roHUena 

Fig 0 Effect of external pH on rate of entry of gtotamlo add. • — • In 10 min. In 
presence of 0 6% giucoM O — O In 80 min. In presence of 0*1% arginine. External 
glntaaiH) add coaetntratloQ««ioo^/ml. TempemtureMST* Dry wdgfat of oella 
aaaayed«2S 0 mg 



Fig 10 hot* of lytino (■) and glntamlo acid (•) from cell* Incabsted at 87* In salt 
aohition akme (Q O) or -with 1% glacoie (■ •} Assayi on 4T mg dry weight of ceUi 

The shape of the curve m Fig 10 suggests that the glutamic aad concentra 
tion was approaching an equilibrium probably by the passage of glutamic aad 
back through the,cell wall imtil eqoflibnum was restored between internal and 
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cxlcrnnl cnMronmcn(*< 'J’o drltnninc ^\li(lhcr thi*; !■; Ilif ense or whether the 
gliilnniic ncid disappearing is hemp incfidiohmi, the <\p(rim(nt was carried 
out on a larger scale, (lu organisms rcnlrifiigcd down aficr .'{hr, the super- 
nnlanl solution concentrated in vanio and assajed for gliitamie acid Table 7 
shows that when tin (clls were suspinded in salt solution alone under these 

Table 7 /'nswgr of tutcrnnl f^lulnmic ocul out of cell 

'J lie celN were grown in nirdlinn A and nmde up into wnih'-d (.iMjienilon of diw weight 
10 5 nig /ml One nil w as used for of init hit gliitandr isintent I hr »iMj>rns(on w-ns then 
<llltilcd in salt solution ns lielow to a lliinl Moprnsioa strength fif I O', nig /ml and Ineiilntcd 
for .1 hr at .'17'' 'I he rolls were thru centrifuged out of Misjienslon washed once nnd made up 
into thick siisjiension of to r> mg /ml for ghitamlc ass n Tlie siipenintaiit (rstemnt metlium 
during inriilintioii) was rsapomted iii forun mid nssavrd for glutamli add 


r.liitnmir acid 



Infernal 

glutnmic 

\ ol of 
luisjicnslon 

(.liilnmic IK id 
in rxtcnml 

Ixisl from 

V 

(tiiin ill 


ncid 

diluted 

medium 

orpinlstu 

siilHrrmlnnt 

Trent mciil 

(,d/l05mg) 

(ml ) 

(>->) 

(;.l) 

(gl) 

Imtinl 

87 

— 

0 

— 

— 

incuhnted in salt 

70 

.1 

1) 

_>» 

— 

nioiic 

Inculinted in still + 

20 

5 

IHO 

im 

180 

1 % glucose (1) 
incubftted in «ilt + 

21 

5 

too 

015 

IJO 

1 % glucose (2) 







Table 8 Eqnihhritnn hciicrcn internal and external conccntrntions 

of glutawic arid 



1 xtemni 

JlittmnI 



conentmtion of 

roiictntmlion of 



glutnmic ncid 

glutnmic acid 



fi\ /ml 

/il /lOO mg cells Hntio b/a 

T>j)c of experiment 

(«) 

(b) 

(C) 

Senes A DeOcicnt cells incubntcd in 

10 

13-t 

13-4 

glutnmic ncid + glucose solutions until 

25 

102 

05 

equdibnum is reached nl O?” 

50 

230 

48 


100 

271 

27 


200 

301 

I 5 

Series B Cells grown in full medium (A) 

121 

211 

I 7 

and assayed while in equilibrium wiUi 

105 

230 

1 4 

medium at harv’cstlng 




Senes C Cells grown in full medium (A) 

3 

00 

20 0 

nnd then incubated in glucose or in 

45 

50 

11 2 

glucose + glutamic acid solutions until 

55 

01 

11 0 

internal value drops to equdibnum at 

0 5 

81 

12 5 

87“ 

21 

83 

40 


130 

113 

00 

conditions, no glutamic acid was found in the supernatant but when 

glucose 


was present duruig the incubation, glutamic acid passed out of the cells and 
could be found in the supernatant The amount of glutamic acid m the super- 
natant accotmted for 50-60 % of that disappearing from the mternal environ- 
ment durmg the mcubation, it seems probable that the remainder was meta- 
bolized (this will be dealt with m a later paper) The presence of a small 
amount of glutamic acid in the suspending medium resulted m a greater 
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retention of glutamic acid in the internal environment. Table 8 shows the 
amount of glutamic acid held in the internal environment of 100 mg cells 
when m equihbnum with three different external environments In the cases 
quoted in senes C the values of the external concentration of glutamic acid 
were obtamed by direct assay of the external environment after mcubatiou. 
The ratio of the mtemal concentration to external concentration vaned as 
described m the previous section For external concentrations of approx- 
10/J glutamic acid/mL the empincal ratio calculated in column (c) is approx. 
18 for experiments carried out as m senes A for the reveise type of experiment 
as in senes C the ratio is approx. 12 The ratio fell with rising external con 
centration being approx. 6 for 25 pi external (senes A) and approx. 4 for 21 pi 
external (scries C) The agreement between these values, whether approached 
as m senes A or C, gives convincing evidence that for any given external 
giutamic aad concentration there is an equihbnum Internal concentration and 
that the mtemal concentration will adjust to this value whether it is mitiallv 
higher or lower and os long as glucose (or some other source of energy) is 
available 

The ratio values given m senes B are In good agreement with those obtamed 
in senes A for similar concentrations showing that the equilibrium conditions 
are the same whether the external environment is a complicated one as m the 
growth medium or a simple one os m the expenments of senes A. 

Early m these mvestigations it was found that satisfactory results either 
with regard to a high Internal amino<acid content of cells gro w n m medium A 
(Table 8) or for satisfactory amounts of lysine or glutamic add taken up by 
defiaent cdls were only obtained with cells harvested early in the growth 
penod This suggested that the equflibnura between mtemal and external 
environments altered as the cultures aged. 

A large scale cuHore was grown tn medium B imd samples token at Intervals 
throughout the growth period The ccDs were centrifuged out of each sample, washed 
once and then Incubated for 40 min. at a suspension strength of c. 1 mg /mL In salt 
solution containing 200 ftL gtatomlc add/mL and 05 % glucoee. After this treatment, 
the cells were cenMfuged down Avashed once and the internal glutamic add content 
assayed as usual 

Table 9 shows that the omoimt of glutamic acid taken up per 100 rag cells 
under these conditions vaned greatly with the age of culture being very high 
with cultures taken as soon as possible after moculation and then dccreasmg 
steadily throughout the growth penod and after Since the external concentra 
tion of glutamic acid was the some m all these expenments it follows that the 
efUciency of the concentrating effect across the cell membrane is greatest in 
rapidly growing cells and decreases when growth ceases This must also mean 
that the mtemal concentration of glutamic acid m equilibnum with a given 
external concentration is very high in cells early m the growth phase. 

Lysine 

As shown previously there was no diffusion of lysme out of streptococcal 
cells grown m medium A Smee glutamic acid passed out of the cell dunng 
glycolysis it was of interest to determme whether lysine would also pass out of 
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the cell under these conditions The experiments descnbed m the previous 
section were therefore repeated and the mtemal lysme content of the cells 
followed Incubation of cells harvested from medium A for 8 hr m salt solution 
at 87° resulted m no significant loss of lysme from the mtemal environment 
but when glucose was added to the external medium, there was a marked 
disappearance of lysme withm the cells The mtemal lysme did not fall to 
neghgible proportions and about 60% of the lysine disappearing from the 
mtemal environment could be recovered from the external medium at the end 

Table 9 Effect of the age of culture on the amount of internal glutamic 
acid in equilibrium with a given external concentration 

Organisms grown m medium B and sampled at intervals Temperature =87° Organisms 
centrifuged out of culture, washed once, and then incubated at 87° for 40 min m salt 
solution +0 5% glucose + glutamic acid (200 ;il /ml ) Cells then centrifuged down, washed 
and assayed for internal glutamic acid 

fil glutamic acid at equilibnum 

A 

Age of Dry wt of Per 100 rag 


culture 

Growth 

cells assayed 

Per sample 

cells 

(hr) 

(mg /ml medium) 

(mg) 

(fJ) 

(/J) 

2 5 

0 050 

05 

89 

000 

8 

0 16 

12 4 

68 

400 

4 

0 222 

21 0 

80 

880 

6 

0 800 

81 4 

70 

241 

8 

0 300 

20 4 

00 

200 

10 

0 300 

25 4 

81 

820 

11 

0 300 

26 0 

08 

212 

12 

0 800 

80 0 

82 

107 

14 

0 800 

23 2 

28 

121 

18 

0 800 

19 0 

80 

182 

24 

— 

31 0 

84 

108 


of the expenment The loss of mtemsd lysine from the cells m the presence of 
glucose was (Fig 10) considerably more rapid than the correspondmg loss of 
glutamic acid The shape of the curve suggests that the final condition repre- 
sented some state of equilibnum 


Relation between glutamic acid and lysine uptake by defcient cells 

The facts discovered so far can be summanzed as follows 

1 Glutamic acid cannot diffuse across the cell wall in either direction 
except m the presence of a source of energy (e g glucose), glutamic acid then 
posses across the cell wall m either direction until an equilibnum is set up 
between the internal and external concentrations, the former being greater 
than the latter 

2 L>sine will diffuse into the deficient cell but is unable to leave the 
‘saturated’ cell suspended in Ksinc-frcc salt solution 

3 L>smc will pass out of the ‘saturated’ cell into an emironmcnt deficient 
in hsinc but only when cnergj is supplied to the system from glycolysis, etc 

The passage of hsine across the cell wall therefore appears at first sight to 
ins oh e «ome unssmmctncal arrangement which allows diffusion across the 
cell wall m an inward direction onlj The question therefore arises whether the 
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inward diffusion of the lysine is, despite its kinetics, due to some residual 
mctabolisnL To test this the effect of the presence of glucose on (o) the rate of 
inward passage of lysme, and (6) the final equflibrram conditions existing 
between the internal and external lysme concentrations was examined- The 
first pomt was difficult to investigate because the rate of lysme entry was so 
rapid at temperatures at which glycolysis would take place at a significant 

Table 10 Effect of glitcote on internal coneeniratton of lysine 
attained tn deficient eeU$ suspended tn lysine solutions 
Cells grown in medium B and lytfne assayed cm samples erf 82 6 mg dry wdgfaL 
suspended In soH soIutiOQS containing lytine and ghicooe ms below, final suspension strength » 
8 35 mg /mL Incubation period *8 hr aids* 

Internal iyslne concentration at 
External equlUbrlom (pL/83 6 mg celli) 

concentration < * s 

of lysine (o) Glucose (6) Ghicoee present 

{fd.fmL) absent (0*6%) 

25 as 8 

60 88 4 

100 42 4 

400 45 a 

Table 11 Effect of glucose and glutamic acid on the uptake of 
lysine by decent cells 

Cells grown in medhim B and made up into washed suspension of strength 88H> mg dry 
weight of Cells diluted In salt eohttion with additions os below to final suspension 

BtrengthaS 8 mg fwL and incubated for 1 hr at 8T* (first treatment) followed by 2 far at 
IS (eeocmd trea tm e n t) Cefis ce n trifuged out of suspcnsloD and lyilne assayed cm 88-0 mg 
CoceeotratioQjf lysine 200 ^utomio odd SOO^/^nL; glocooe 0*5 % salt mlxtizre os 


usttoL 

Ftrvt treaCuMot 

Second treatment 

Internal lysine 
fiL/SS-Cmg cells 

1 

— 

Lysine alone 

60 

2- 

— 

Lysine + glucose 

12 

8- 


Lysine, giocose, ghitamlo add 

85 

4. 

GhiooM 

Lysine alone 

14 

5 

Glutamic 

Lysine alone 

42 

e 

Gtucoae+ glutamic acid 

Lysine alone 

83 

7 

Glucose +gtatanilo odd 

Lysine+giuoose 

14 


rate it was not possible to determine any effect of glucose on the rate of lysine 
entry into deficient cells at 28* The presence of glucose greatly decreased the 
amount of lysine that the cdl could take up (Table 10) 

These results were obtained with a simple system consisting of salts lysine 
and glucose and do not accord with those obtamed in the more complex 
system of the full-growth medhim smee cells harvested from this medium 
contamed approximately equimolar amounts of both lysine and glutamic acid 
although growth had taken place m the presence of cxcessglacosc. The presence 
of glucose decreased the uptake of lysine by the cells but the presence of 
both glucose and glutamic aetd restored, although not completely the lysine 
uptake (Table 11) The system was ftirthcr analysed by treatment of the cells 
with glutamic aad and/or ghicosc prior to incubation with lysine and Table 11 
shows that treatment with glucose alone decreased the mtcmal lysine uptake, 
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glutamic acid alone had no effect, while pretreatment with glucose and 
glutamic acid partially abohshed the depressant action of glucose alone 

These results suggest that whatever the system is that is responsible for the 
uptake of lysme by the deficient ceUs it was mactivated or abohshed by the 
presence of glucose but protected from this mactivation by a simultaneous or 
previous assimilation of glutamic acid 

DISCUSSION 

It has been shown that (a) the streptococcal cells used had an mtemal 
environment m which certam amino-acids existed m a ‘free’ state, (b) some 
mechanism exists whereby lysme and glutanuc acid may exist m a more con- 
centrated solution inside the cell than outside under equihbnum conditions, 
(c) the passage of lysme mto the cell across the cell wall appears to be one of 
simple diffusion, (d) the passage of glutanuc acid, glutamme, aspartic acid and, 
probably, histidme mto the cell requires energy which can be supphed by some 
exergomc reaction such as fermentation or the breakdown of argmme 

The conditions under which a substance can exist m a more concentrated 
solution on one side of a membrane than on the other are not clearly understood 
Where the substance can pass across the membrane by diffusion as appears to 
be the case with lysme three conditions may hold (1) where there are several 
forms m equihbnum on either side of the membrane then the concentration of 
the form which actually passes through the membrane must be the same on 
both sides of the membrane, (2) the substance must enter mto combmation with 
some other component of the system on one side of the membrane or (3) the 
substance must be held m some electrostatic combmation on one side of the 
membrane Until more is known about the conditions of lomiiation across the 
membrane, it is not possible to give a decision on the first possibility Smce, 
however, the equihbnum concentration of lysme reached withm the cell when 
the external concentration was constant was mdependent of the external pH, 
it seems improbable that this could be the explanation There remains the 
possibihtj that the internal Ivsine is combmed chemically with some mtemal 
component of the cell Smce the amino-acid decarboxylases cannot react with 
their ammo-acid substrates unless the three polar groups of the substrate 
molecule are m a free unsubstituted condition (Gale, 19466) any chemical 
combination must be of a verj labile nature or the ammo-acids would not be 
estimated by the method used 

There remains the possibilitv that the lysme is held m the cell by electro- 
static forces Bacteria in general arc negatnely charged (Winslow, Falk & 
Caulfield, 1924) and the Ijsine molecule cames a positive charge under the 
conditions of these experiments It seems probable that the diffusion of lysine 
into the cell is due to electrostatic attraction The effect of glucose in decreasmg 
the hsine uptake could thus be explamed as a decrease in electro-negative 
charge m the cell as a result of glucohsis It is well known that glucolysis is 
accompanied bv the migration of vanous ions across the cell wall Thus 
L»'ibo'vitz Kupermintz (1942) showed that K ions enter Bad coli cells when 
p’ucoI\-s s b-^gms Conwav (1942) explains this as follows the cell membrane is 
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permeable to K or smaller ions but impermeable to Na or larger ions permeable 
to phosphate but not to phosphate esters of glucose etc. When glucc«e entos 
the edit it IS estenfled and the effective product of K and phosphate ions fells 
so that both ions then enter the cell The esterification of phosphate wi thin the 
cdl may lead to a decrease in the negative charge and consequent decreased 
attraction for lysme ions. This attraction would be increased agam if there were 
an inward migration of negative ions at the lame tone as glucolysis occurs this 
happens when glutamic aend is present m the eidemal mednira The explana 
tion of the decreased uptatc of lysine in the presence of glucolysts and the 
partial abohbon of this decrease by the further addition of glutamic acid 
probably lies m ionic transfers of this nature. If the lysme passes mto the cell 
as a result of elcctrostabc attraction it follows that it will not diffuse out 
unless modification of the mtemal charge occurs. When cdls contaimng high 
corfccntrationa of both lysme and glutamic acid are incubated m an ammo- 
acid free medium containing glucose, then a further senes of migrations takes 
place m the course of which both lyeine and glutamic aad pass out of the cell 
The attainment of glutamic acid equilibrium across the cell wall will alter the 
charge In the cell and the capacity to fix lysme, although comparison of the 
rates at which lysme and glutamic acid pass out of the cell (Fig 10) would 
appear to indicate that the loss of glutamic acid itself is not the controlling 
factor m lysme loss or retention m this case. 

It IS clear that neither glutamic aad nor glutamme can pass across the cell 
wall unless energy is suppbed by tome other metabolism of the cell such as 
glucolysis Whether the decrease m negative charge of the cell during glucolysis 
18 such as to cause a general uptake of negative ions mto the cell or whether the 
inward migration of glutamic acid is accompamed by an equivalent outward 
migration of some other negative ion has yet to be determmed Whatever the 
mechanism it ii dear that the metabolism of substances such as ghrtamio aad 
must depend upon the presence of an energy system Thus Hills (1940) records 
no glutaminase action with washed suspensions of streptococa while McHwam 
(1046) has found that washed suspensions of streptococa will show highly 
active glutaminase action if ^ucose is added to the cell-glutamme mixture. 
This has been confirmed by the author with the organisms used m the present 
work. McHwom suggests a linkage between glucolysis and glutaminase action 
but, in view of the above work, it seems probable that glutaminase is an mtra 
cellular eniyme and that the glutamme cannot cross the cell wall and so gam 
access to the enzyme surface m the absence of a source of energy such as 
glucose. It is possible that micro-organisms have enzymes both on the outside 
of the cell and withm the cdl so that whether epi or endo-metaboUsm of a 
given substrate takes place will depend on the presence of energy giving 
substrates in the environment. 

The concentration gradient across the cell membrane will have the effect 
that the are able to pick out ammo-aads from an environment 

which is deflaent m such nutrients It would seem that this mechanism is more 
important from a biological point of view in nutritionally exacting orgamsms 
f>inn in those which can synthesize their own ammo-acids and are therefore 
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independent of the external environment m this respect It can be seen from 
Table 1 that there is a defimte correlation, m the cases of lysme, glutamic 
acid, histidine and tyrosme, between the amounts of free ammo-acid withm the 
mtemal environment and the proportion of those ammo-acids m the cell 
protem 

The author wishes to thank Prof A C Chibnall, Dr J F Damelh and Mr P 
Mitchell for valuable advice and cnticism received during the course of this work 
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The Assimilation of Amino-acids by Bacteria 

3 Tbe Action of Tyroddin and some Detergent Sobstances In 
Releasing Amino adds from the Internal Environment of 
Streplococcm faecalh 

By E F GALE and E. SHIRLEY TAYLOR 
Medical Reteareh CouncU Unit for Chemical Microbiology 
Biochemistry DepartmerU Cambridge 

With a Note on Electron Micrographs of Normal and 
Tyroddln-lysed Streptococci 

By P D MrXCHEIiL Bloehermstry Departmentt Cambridge 
AND G R GROOVE Cavendish Laboratory Cambridge 

SUMMARY Trea tm ent of Streptoeoceus faecaJts cclU high internal con 

centratlona of tyslne and ghitaniic add with tyroddlns Aerosol O T., cetyltrimethyl 
ammonlam bromide or phenol resulted In loss of the Internal aminoaodiv The 
snbvtancea used affected the cell wall to that the internal amtno-adds kaked into the 
external en'dronment; the rate of leakage was foUowed by^ a manometric method 
The lyUo action of tymddin, cetyttiiiDethylanuDonhim bromide, Aeroaol O T aitd 
phenol is sufficient to explain the action of these substances. 

It was shown (Gale, 1947} that lysme and glutamic amd passed into the mtemal 
enYironment of certain strcptococa (Lancefield Group D) and that the internal 
concentration was markedly greater than that m the external environment at 
equilibnum. When the cells were removed from an ammo-scid nch mednim 
and resuspended m distilled water or a suitable salt solution during 24—48 hr at 
4 ** no loss of mtemal ammo-add occurred by diffusion. Hotchkiss (1944) 
stated that when bacterial cells were treated with tyroddm or certam deter 
gent substances a leakage of nitrogenous and pbosphonis-containmg sub- 
stances occurred mto tbe suspending flmd. It seemed that this might indicate 
that the action of tyroddm, etc. was such that the ammo-acids concentrated 
withm the internal environment were rdeased mto the external environment 
and thftt the mtrogenous matenal estimated by Hotchkiss might consist 
partly of such amino-acids Tbe results reported m this paper show that this is 
the case (cf Gale & Taylor 1946) 

METHODS 

Organism end method of eultitre 

Tbe organism used was the same as that described previously (Gale:, 1947) It 
was desirable to prepare which would contam a high internal concentra 
tion of lysme and glutamic odd this can be done by growing the organism for 
approx. 12 hr at 87* m medium ^ consisting of casein digest 0 1 % Marmite 
1 0 % glucose. The cdls were washed once after harvesting 
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Estimation of amino-actds Z-(4-)-Lysine and ^-( + )-glutannc acid were 
estimated manometncally by the use of specific amino-acid decarboxylase 
preparations (Gale, 1945) 

Preparation of tyrocidin T3Tothricin was obtained from the Wallerstem Co 
through the courtesy of Dr R Dubos and tyrocidin hydrochloride prepared 
therefrom by the method of Hotchkiss & Dubos (1941) The material was 
recrystallized onee from methanol We are indebted to Dr A R Trim of this 
department for samples of Aerosol 0 T and cetyltrimethylammonium bromide 

Antibiotic actimiies of tyrocidin, etc 

Table 1 shows the concentrations of the various antibiotics tested found 
necessary to prevent the growth of or to sterilize a culture of the group D 
Streptococcus used as test organism 

Table 1 Inhibition of Strep faecalis by antibiotic substances 

Concentrations (mg /ml ) 



Inhibition title 

Sterilization of 

Cytol}^ of 

Antibiotic substance 

10* cells/ml 

10* cclls/ml 

10* cells/ml 

Tyro ci dm 

0 001 

0 1 

1 0 

Cetyltrimethyl- 
ammonium bromide 

0 001 

02 

1 0 

Aerosol 0 T 

0 1 

0 1 

1 0 

Phenol 

25 

10 0 

SOO 

Gramicidin 

0 001 

0 1 

No effect 

PatuUn 

01 

20 0 

No effect 

Gentian violet 

0 01 

>20 

No effect 

Acriflavin 

0 01 

>20 

No effect 

Sulphathiazole 

1 0 

— 

No effect 

Penicillin 

8 Oxford units 

— 

No effect 


The inhibition litre m each case was determmed by taking a senes of tubes of 
medium A, adding the antibiotic m senal dilution at intervals such that each 
tube contamed one-fifth the concentration of antibiotic of the previous one in 
the senes, moculatmg with a standard moculum of 10® cells/ml medium, and 
determining the limitmg inhibitory concentration after 48 hr mcubation at 
87° In order to detenmne whether the action was bactencidal or bacteno- 
static and also whether the inhibitory concentration vanes with the number of 
cells present, a further test was earned out as a modification of the Rideal- 
Walker test A 24 hr culture of the orgamsm m medium A contaimng approx 
10® viable cells/ml was taken and senal dilutions of the antibiotics added as 
before to the complete culture, after 80 mm a loopful of culture was taken from 
each tube and streaked on to nutnent agar The plate cultures ,were exammed 
after 24 hr mcubation at 87° and the concentration of antibiotic necessary to 
stenhze the culture under these conditions noted, this value is given m Table 1 
as the ‘ Sterilization of 10® ceUs/ml ’ figure 

It can be seen from Table 1 that 1 pg tyrocidm/ml was sufficient to prevent 
the growth of the moculum correspondmg to 10® cells/ml , but 0 1 mg /ml was 
necessary to stenhze a culture of approx 10® cells/ml It would appear that 
there is some quantitative relationship between the number of cells and the 
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amount of tyrocidm necessary for their stenlizatiotu The same "was true for 
cetyltnmethylammonium bromide. In the case of Aerosol O T a concentra 
tJon of 01 mg /mL was required to sterilise either 10* or 10* cells/mL although 
10* ccUs/mL required 1 mg of Aerosol/mL (see later) It Is probable that this is 
a special case in which the physical state of the detergent substance is im 
portant and that no antibacterial activity is shown m solutions of Aerosol 0 T 
which are too weak for micelle formation to occur (Alexander & Tnm, 1946) It 
IS clear from Table 1 that the action of these substances is bactericidal in the 
concentrations quoted. 

Compared with tyrocidm, phenol is a weak disinfectant, 0 25 % being 
necessary to sterilixe 10* cells/ml and 1 0 % for 10* cells/ml Substances 
representative of other groups of antibiotics were also tested, gramicidm 
(Hotchkiss, 1944) and patulm (Ralstnck, 1948) were both bactericidal towards 
the organism while gentian violet, acnEavm, sulphathiazole and penicillin 
were not bactenodal in concentrations 500 times the inhibition coefflclent. 

Effect on maxnienance of iniemed free omtno-^iad eoneentnOion 
When Strep faecedit cells arc grown in medium A for 13-14 hr the cells 
contam a high internal concentration of lysine and glutamic amd in a free state 
and this internal amino-acid does not diffuse out of the if the Utter 
are suspended in distilled water or salt solution at 4® (48 hr ) or 87® (6 hr ) 
(Gale, 1947) It is possible that some antibiotio substances may affect the cell 
wall m such a way that this is no longer the case. To test this, the organism was 
grown in medium A under optimum conditions for the production of a high 
internal concentration of free lysme and glutamic add, the ndla centrifuged out 
of the medium, washed once and a portion assayed for these amino-adds as 
previously described (Gale, 1947) Further portions of the ccDs were then 
suspended in distilled water to a frsal cell-euspension strength of approx. 
5 mg /mb (approx. 10* cells/ml.) and suitable concentrations of various 
antibiotic substances added. The suspensions were then moubated for 8 hr at 
87* after which the cefls were agam centrifuged out of suspension and the 
mtemal amino-add content assayed again. 

Table 2 shows that there was no sigxuflcant loss of internal lysme or glutamic 
acid when the cells were suspended in distilled water but that the presence 
m the suspending fluid of tyrocidin, n H.yl fTimftthy lATnmnnfiiTn bromide, or 
Aerosol 0 T (1 mg /mb) or of phenol (10 mg /mb) resulted m a complete dis 
appearance of these ammo-adds from the internal environment. The other 
antibiotic substances tested h^d no significant effect on the internal environ 
ment m this respect. 

ManoT7ietr\c derrwnstraiwn of lysie hy tyroexdtn^ etc. 

The results shown in Table 2 suggest that the action of tyrocidm and the 
detergent substances is to alter the permeability of the cell wall so that the 
free amino-adds m the mtemal environment leak into the suspending medium 
TJiat this is the case was shown as follows 
A thick washed lospcntion of Strep faeealit ocHs grown In medium A was prepared 
and the Internal tysine and ghitamlo add content determined as usual on intact and 
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boJed cells One ml of the suspension was then plaeed with 1 ml buffer in the mam 
compartment of a Warburg manometer cup fitted with two side-arms , mto one side- 
arm 0 6 ml of specific decarboxylase preparation m buffer was plaeed, and mto the 
other 0 5 ml of a smtablc solution of t 3 at)cidm or detergent substanee When the 
glutamic acid content was bemg studied M/ 6 -acetate buffer pH 4 6 was used, with 
lysme, M/5-phosphate buffer at pH 0 0 After equihbration m a thermostat at 80°, 
the enzyme preparation was tipped mto the mam compartment and the ‘external’ 
ammo-aeid of the cell suspension assayed as usual (Fig 1 , curve 1) When the CO, 
evolution had ceased, after 10-15 rmn , the tyrocidin was added from the seeond 
side-arm 

Table 2 Effect of antibiotic substances on maintenance of free 
amino-acid concentration tn internal environment 

Cells suspended in distilled water containing substances ns below for 8 hr at 87° in 
suspensions: approx 6 mg dry weight ceUs/ml Dry weight of cells assayed =62 mg 

Amino-acid content of mtcmal environment 



Lysme 

Glutamic add 

Suspending medium 

(/J) 

(pl) 

Imtiol content of cells 

122 

116 

Distilled water alone 

118 

105 

Tyrocidin 1 mg /ml 

0 

0 

Cetyltnmethylainmomum 

0 

0 

bromide 1 mg /ml 

Aerosol O T 1 mg /ml 

0 

0 

Phenol l(tmg /ml 

0 

0 

Gramicidin 1 mg /ml 

120 

111 

Gentian violet 10 mg /ml 

110 

56 

Patullp 10 mg /mL 1 

1 


AcnHaVin M) mg /ml I 

Sulphathiaitole 1 mg /mL 1 

I No significant decrease over control 

I m distilled water 

Pemcillm, 8 Oxford units/ml 1 

1 



If the action of the tyrocidm is to liberate ammo-acids from the mtemal 
environment of the streptococcal cells, this would be shown by evolution of 
COj, as the lysme or glutamic acid is attacked by the decarboxylase prepara- 
tion Fig 1 shows the results obtamed m such an experiment The addition of 
1 0 mg tyrocidm at tune 15 mm resulted m a rapid hberation of glutamic 
acid from the cells and the amount hberated was equal to that assayed m 
boiled eells (curve 2 ) and so corresponded to the total amount m the mtemal 
environment The addition of smaller amounts of tyrocidm resulted m the 
hberation of correspondingly smaller amounts of glutarmc acid thus while 
1 0 mg tyrocidm gave rise to 100 /J glutamic CO, m the case quoted, 600 /ig 
gave rise to 59 /xl and 800 fig to 27;il , suggestmg a close quantitative relation. 

The rate of evolution of glutamic CO 3 was much the same however much 
tyrocidm was added, and it was the final quantity that varied with the amount 
of tyrocidm added It appears that the smaller amounts of t 3 rrocidm released 
the mtemal ammo-acid from a proportion of the cells only To test this m 
another experiment 0 5 mg tyrocidm was added to the cell suspension and the 
glutarmc COg evolution followed to cessation, when a further 0 5 mg t 5 nrocidm 
was added Fig 8 shows that the second addition causes the release of more 
glutarmc acid from the cells, the two separate additions of 0 5 mg have a 
combmed effect equal to that of a single addition of 1 0 mg The addition of 
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further tyrocidin to the manometer m which 1*0 mff had already been added 
had no further effect when the dry weight of cells' present was of the order of 
40-50 mg Fig 2 shows that similar results were obtamed when the ex p eri 
mcnts were repeated using lysine decarboxylase instead of the glutamic 
cniyme. 



Pig 1 Effect of tyrocidhi on Strep faeealtst libastioD of ghitando add fr om internal en 
viionment. CXirve 1 glotamio add asny of intact ccDi. Carre a t gintamlo add aasay 
of boiled edit. Carve 8t 1*0 mg ^roddin added at anw 16 mim after addltloii of 
enxyma. Carre 4t 0-0 mg tyroddin added at arrow iSmin. after addhlon of cnxyme. 
Co^ 6 0*8 mg tyrocidin added at arrow 16 min. after addHlon of enxyme. Dry 
wdght of ceQt a8S8yedo47*0 mg. TempermtarewBO* Blanometer vcisds co nta in 
inhidly 1*0 mb M/6-aoetate pH 4‘6{ 1*0 mL watbed vntpentkm of Strep foecalisotOa 
(main compartment); 0*6 mL glotaznle deeerboxylate (dde-bolb 1); 0-6 mL tyroddin 
(ride-bnlb S). 

The weight of tyrocidm per cell needed for complete lysis in these expcn 
ments was of the same order as that shown m Table 1 for the amounts necessary 
to sterihie cnltures It seems probable that the lytic effect is snfQcient to 
explain the antibiotic action of tyrocidin. IVom Figs. 1-8 it appears that while 
1 0 mg tyrocidin will lyse and sterilixc 50 mg streptococcal cells, 0 5 mg wjH 
lyse only half these cells To confirm that this was also true of the disinfecting 
action of tyroadin, the experiment was repeated and viable counts earned out 
on (1) the untreated washed suspension, (3) the suspension treated with 1*0 mg 
tyiTxddin/50 mg cells and (8) the suspension treated with 0*8 mg tyroadin/ 
60 mg cells Table 8 shows that whereas the larger amount of tyroodm 
decreased the number of viable cells firom 88 x 10* to 2 x 10* 0*8 mg decreased 
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the viable count by approx one-third of this amount It would seem from this 
evidence that about 10® molecules of tyrocidm are required to lyse and kill one 
Streptococcus cell 

Manometnc experiments of this type were carried out with cetyltnmethyl- 
ammonium bromide and Aerosol 0 T Very similar results were obtamed with 



Fig 2 Effect of tyrocidm on Strep faecalis liberation of lysme from internal enwromnent 
Cinve 1 lysine assay of intact cells Curve 2 lysine assay of boiled cells Curve 3 
1 0 mg tyrocidln added at arrow 16 min after addition of enzyme Curve 4 0 5 mg 
tyroddln added at arrow 16 min after addition of enzyme Curve 6 0 8 mg tyrocidln 
added at arrow 16 min after addition of enzyme Dry weight of cells assayed =40 mg 
Temperature =80° Manometer vessels contain initially 1 0 ml m/6 phosphate pH 
6 0 , 1 0 ml washed suspension of Strep faecalis cells (main compartment) , 0 6 ml 
lysme decarboxylase (side-bulb 1), 0 6 ml tyrocidln (side-bulb 2) 

Similar quantities, i e approx 1 rag of detergent substance lyses approx 
50 mg cells The rate of hberation of glutamic acid or lysme appeared some- 
what slower with Aerosol 0 T than with the other substances, 100 /xl glutamic 
COj bemg evolved after 20 mm after the addition of 1 0 mg Aerosol O T 
compared with 10 min for tyrocidm 

The experiments quoted m Table 2 suggest that pheuol m 1 0 % concentra- 
tion has an effect on the cells similar to that described for the detergents 
mentioned An attempt was made to test this by the manometnc test as 
above Fig 4 shows the results obtamed with glutamic decarboxylase on the 
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addition of phenol to 66 mg cella The addition of 80 mg phenol resulted m a 
slow evolution of ^utanuc COj, while 10 mg phenol had a similar effect. 



a. BelatioD between quantttj of tyroddin added and amount of glutamlo add 
leased from Internal envtronmfint. Biy weight of /oeeoKs cells assayed m 6(H) mg 

TemperatareadO Manometer vesaelt made up with 1*0 ml. M/6>phosphate pH 6-0{ 
1*0 washed suspension of Strtp fottaUt oelli, and 0*6 mL glutamlo deoaiboxylaae 
(main compartment) with tyroddin In tide*bulba. Bfanometen allowed to equUlbrate 
and liberation of external ghitamlo CO^ to oease before timeMO Curve li 0*6 mg 
tyroddin tipped at time a 0. Carre Et 0*6 mg tyroddin tipped at time h o ftnther 
0*6 mg. tyroddin tipped at ttmevao min. (arrow). Curve 8i 1 0 mg tyroddin Upped 
at time>0. 

Table 8 Effect of tyroddin on mabilxty of Strep faecalii 

Strtp fatcaUM ceOs gr ow n In medium A. and made up Into thldc washed suspension (60 mg 
dry wdght/mL) Tyroddin added and left at room temperature for 80 min. before serial 
dllutioDs mule for viable oount. Viable count 


Cell preparmtlcn DDutkai 10"’ DDutiaa 10"* 

Washed suspension 50 mg /mL 426 88 

Washed suspension 60 mg /mL treated 24 8 

with 1*0 mg tyroddln/mL 

Washed suspenslcm 60 mg /mL t reated 220 88 

with 0^ mg tyroddln/mL 

giving a AtipJ evolution of COj about one-fourth that produced by 80 mg The 
slow rate of evolution is probably due to inhibition of the decarboxylase, as the 
enzyme is actmg in the pre sen ce of 1 0 % phenoL It was not possible to cany 
out this type of experiment with lyame decarboxylase as this enzyme is more 
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sensitive to phenol than the glutamic decarboxylase, the addition of the 
phenol IS followed by a small evolution of COj which may amoimt to 20-80 /il , 
after which the enzyme is mactivated The results given m Table 2, however, 
leave no doubt that mtemal lysme is released from the cells Phenol thus owes 
its disinfectant action to an effect upon the bacterial cell wall whereby 
essential constituents of the mtemal environment are released 



Fig 4 Effect of phenol on Strep faeealts ceUs liberation of glutamic acid from mtemal 
environment. Curve 1 glutamic acid assay of intact ceils CmVe 2 glutamic acid 
assay of boded cells Curve 8 60 mg phenol added at arrow 20 min after addition 
of enzyme Curve 4 80 mg phenol added at arrow 20 min after addition of enzyme 
Curve 6 10 mg phenol added at arrow 20 mm after addition of enzyme Dry weight 
of celis assayed =66 2 mg Temperature =80° Manometer vessels contam imtially 
1 0 ml N/6-acetate pH 4 6,10 ml washed suspension of Strep faeealts cells (mam 
compartment) , 0 6 ml. glutamic decarboxylase (side-bulb 1) , 0 6 mL phenol (side-bulb 2) 

Action on other cells Expenments sunilar to those described above were 
earned out with washed suspensions of Staph aureus and Saccharomyces 
carlshergensis , the mtemal ammo-acids of these cells were released by the 
action of tjTocidm m a manner essentially similar to that desenbed above for 
streptococci 


One of us (E S T ) is mdebted to the Medieal Research Coimcil for a personal 
grant 
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A Note on Electron Micrographs of Normal nnd 
T^roddln-lysed Streptococci 

By P D MITCHELL and G R. CROWE 
Bioebemittry Department and the Cavendish Laboratory Cambridge 

Aa shown in the foregoing the sterilization of streptococci (Lanceflcld Group D) 
by tyrocidJn occurs concomitantly with the leakage of ammo-acids from the 
mtemal environment. The leakage of the ammo-acids is ascribed to changes in 
the bamer which normally conhnes them within the celL It is of mterert to 
consider the nature of this barrier and the site of acbon of the tyroadm m 
disrupting it. Electron microscopy provide* the most direct mformatum. 

EUetrxm mtemgraphe A large number of normal »r>d tyrocidm treated 
streptococci were observed on the fluorescent screen of the RCA upright 
electron miacj ope at magmflcation 1800 Photographs were taken of the 
foUowmg prcparatioas 

(i) Normal streptococci suspended m dost free distilled water at a con 
ccntration of 20 000/cu. mm. for mounting on the collodion membrane. 
PL 1 figs 1 and 2, show the normal cocci. The cell wall is very clearly 
seen as a cortical layer relatively transparent to the electron beam. 

(U) Streptococci treated with 1 mg of tyroadm/fiO mg dry weight and sus 
pended in dust-free distilled water for moimtmg as above. ^ 1 figs 8 and 4 
show the lysed coccL The cell wall is completely disnipted- 

The simplest hypothesis which may be proposed to account for the actioai of 
tyrocidm supposes that the ammo-acid confining bamer u the cell membrane, 
and that thi» is disrupted by the entry of the highly surface active tyroddin. 
This cannot be the true mechanism, for the photographs show that tyrocidm 
docs not disrupt only the cdl membrane the cell wall is disrupted- Pre- 
sumably either the cdl wall is itself the ammo-aad confining bamer or, 
being attached to the cell membrane ot some other confining structure, this is 
disrupted with it. In any case, it Is certain that rupture of the cell wall is 
concomitant with the leakage of the amino-aads from the tyroadin treated 
coco. 


EXPIANATION OF PLATE 

Fit t Konnal ttreptocoed. 

Fig S. Konnal Diptoeoeau 

Fig S. Tyroddht-fyved sbeptiMOOcL Note the cell wall timllliig away In Kime plaoea. 
Comfcare Fig 1 

Fig 4. TyroddiD'tnated IHplaeoeeus. Note tiie ceil wall gathered into cleavage hi r ro w 
Compare Fig S. 
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The Assimilation of Amino-acids by Bacteria 

3 Concentration of free Amino-acids in the Internal 
Environment of Various Bacteria and Yeasts 

By E SHIRLEY TAYLOR 

Medical Research Council Unit for Chemicjal Microbiology, 

Biochemistry Department, Cambridge 

SUMMARY Sixteen Gram-positive organisms (mcludmg three yeasts) were able 
to assimilate glutamic acid and lysme from the external medium and to concentrate 
these amino-acids m the mtemal environment, while eleven Gram-negative organisms 
were unable to do so 

It has been sho^^m (Gale, 1947) that Streptococcus faecalts cells possess a high 
concentration of certain ammo-acids ^stmg in a free state withm the cells, 
the mternal concentration of lysme and glutamic acid bemg much greater than 
that m the external environment in equilibrium with the mtemal environ- 
ment Lysme is able to diffuse mto the cell under certam conditions, while the 
migration of glutamic acid across the cell wall appears to be a process requirmg 
energy, obtainable from fermentation processes The gradient m concentration 
of lysme and glutamic acid across the cell wall appears to be mamtamed by 
properties of the cell wall itself, smce rupture of the cell wall with tyrocidin, 
etc results m the release of the mtemal ammo-acids (Gale & Taylor, 1947) 
A biological consequence of this gradient across the cell wall is that the cell is 
able to select and concentrate certam ammo-acids from a deficient medium 
This mechanism should be of greater importance to organisms which are 
nutritionally exactmg with regard to ammo-acids than to orgamsms which can 
synthesize their ammo-acid requirements (Gale, 1947) The present com- 
mumcation deals with the distnbution amongst vanous bacterial genera and 
species of this cell waU gradient effect, as judged by the presence of free ammo- 
acids in the mtemal environment of the cells 


EXPERIMENTAL 

Orgamsms The majority of the organisms listed m Table 1 were isolated by 
members of this Umt but we are indebted to Dr H McHwam for the stram of 
Strep haemolyticus ‘Richards’, to Dr P M F Shattock for strains of lacto- 
bacilh and the Cambridge Pathology Department for Neissena catarrhalis 
and Bacterium aerogenes The three yeasts were obtamed from the Carlsberg 
Laboratory Orgamsms obtamed from or deposited m the National Collection 
of Type Cultures are indicated m Table 1 by their catalogue numbers 

Growth media All orgamsms were grown on a basal medium consisting of 
tryptic digest of casern with the addition of glucose (2 0 % for cohform organ- 
isms and clostndia, 10% for lactobactenaceae), 0 1 % Marmite was added to 



Table 1 Fra atmno-aada tn the internal enmmnmeni of oonout organisme 

Ttroe of Temp of pi. amlno-odd/IOO mg 
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media used for lactobacteriaceae and 0 5 % glutamme for Strep haemolyUms 
‘Richards’ The media were dispensed m flasks for coliforms, streptococci, 
lactobaeilh and clostridia, conditions bemg made stnctly anaerobic for 
lactobacilh and clostndia, for all other orgamsms the medium was dispensed in 
Roux bottles lying flat so as to expose a large surface to the air during growth 
Yeasts were grown m Roux bottles contaimng Stephenson’s morganic medium 
(1989) with the addition of 0 2% ‘Difco’ yeast extract and 4% glucose, the 
pH being adjusted mitially to 6 0 

Estimation of amino-actds Ammo-acids were estimated by the use of 
specific ammo-acid decarboxylase preparations (Gale, 1945, 1946) The free 
ammo-acids m the mtemal environment of the cells were estimated by the 
method of Gale (1947) To avoid respiratory gas changes with mtact cells, 
manometers were filled with mtrogen durmg assay 

Estimation of the dry 'weight of cells The dry weight per ml of cell suspension 
was estimated turbidimetncally by the use of the Hilger photoelectric ab- 
sorptiometer, cahbrated for each of the organisms used by drying a known 
volume of thick suspension of known turbidity to constant weight 

Method The cultures were mcubated until it was judged that active cell 
division had just ceased The organisms were then centrifuged out of the 
medium, washed once with distilled water and made up mto thick suspension 
of which the dry weight was determined The mtemal ammo-acid contamed m 
1 ml of the cell suspension was then estimated by comparison of the ammo- 
acid content of the suspension before and after boilmg the cells (Gale, 1947) 
For comparative work, the results are expressed as /il ammo-acid m the mtemal 
environment of 100 mg dry weight of cells 

RESULTS 

Table 1 shows the amounts of arginme, glutarmc acid, histidme, lysme and 
tyrosme found m the internal environment of the cells of various species of 
micro-organisms The tyrosme and histidme valites were generally small and 
were earned out m a few cases only No arginme was found m the majonty of 
bacterial species tested, many of which are known to possess enzymes which 
attack the argmme molecule (Hills, 1940) The three yeasts tested all had a 
high mtemal concentration of argmme An mterestmg correlation can be 
observed between the presence of lysme and glutamic acid m a free state m the 
mtemal environment of the cells, and a positive reaction to the Gram-stain 
None of the eleven Gram-negative organisms tested show any mtemal free 
ammo-acids, whereas all sixteen Gram-positive orgamsms show mtemal con- 
centrations of lysme and glutamic acid 

The external medium m all cases consisted essentially of a tryptic digest of 
casern m which the amounts of free lysme and glutamic acid varied from 100- 
200 /il /ml , the histidme content was c 20-80 fil /ml As found by Gale (1947) 
100 mg Strep faecalis cells possessed an mtemal environment of volume 
0 27-0 84 ml Consequently, if the concentration of free ammo-acid withm the 
cell IS the same as that m the external environment, then the amounts of 
lysme and glutamic acid withm the cell would be of the order 80-70 /il /IDO mg 
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or of histidine 5-10/d./100tng Gale (1947) showed in the case of Strep 
faecdlu that the internal concentrations of lytme and glutamic acid within the 
cell were considerably greater than those outside, whereas hisUdme appeared 
inside the cell in approximately the same concentration as outside. Assuming 
that these approximate calculations hold true for other bacteria, it is possible 
to decide whether the amounts of free ammo'aod estimated in the internal 
environment represent an increase of concentration over those moating in the 
external medium during growth. Inspection of the valnes in Table 1 shows that 
the glutamic acid content of the Gram positive organisms with the exception of 
Gostndtum upticurn, B tubtilit and B mewnienctu showed an mtemal 
concentration higher than that In the external medium In the case of lysine, 
exceptions may occur with Staphs atireui A., ^ormrui Juieo, CL eepiiewnt 
CL tporogenea and B tubHlis 

The results suggest that the Gram positive organisms possess a cell wall 
which IS permeable to amlno*aads only under certain conditions as described 
by Gale (1947) for Strep faecaUt The Gram negative species do not show this 
effect. 

The question arises whether the Gram negative cells are completely per 
meable to ammoadds, m which cise they would have an ihtemal concentra 
tion of amino-acid equal to that of the medium at harvesting On washmg 
pnor to assay, this amlno-acid would be lost in the washing water To test this 
a thick suspension of BacL eolt cells was prepared as usual and suspended in 
a solution of lysine containing 200 pL lysme/mh After dO mm. the were 
centrifuged down and an attempt made to estimate the lysine m the super 
natant flmd and in the packed cell mass The cdl mass was then re-suspended 
m water, centrifuged down the supernatant liquid collected, evaporated to 
small bulk tn vacuo and assayed for lysme. No evidence could be obtained that 
the cells had earned down any lysme from the solution other than that 
mechanically entangled with the cell mass and the washmgs from the 
were devoid of lysine. These results appear to suggest that the Gram negative 
cells are unable to take up ammo>acids in a frre state into therr intmial 
environment. 


DISCUSSION 

The result* above show that there is a dear-cut distinction between Gram 
negative and Gram positive hactenal species m that the latter possess an 
internal environment in which free amino-ecids exist sometimes m a concen 
txation considerably greater than that m the external environment at cquih 
bnum, whfle the former do not show this property The effect in Strep faeealU 
depends partly upon the properties of the cell wall and partly on the existence 
of a negative charge inside the cell (Gale, 1047) Henry & Stacey (1948) have 
demonstrated that the reaction to the Gram stam depends upon the presence 
m the Gram positive species of a magnesium ribonudeotidc in the sur&ce layers 
of the cell which combines with protein, and confers upon the nudeoprotein so 
formed the pro per ty of combining with th4 violet dye used in the stamitq 
technique. The pr e sen t studies show that a further difference he* in th( 
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properties of the cell walls of the two groups such that the Gram-positive 
group can assimilate free amino-acids mto the cell and concentrate them in the 
mternal environment The Gram-positive orgamsms are, in general, more 
exactmg m their ammo-acid requirements than Gram^negative species and the 
concentration gradient existmg across the cell wall must be of biological 
importance in facilitatmg the assimilation of the essential ammo-acids 

The author is mdebted to the Medical Research Coimcil for a personal grant 
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The Toxins of Clostridium oedematiens {Cl novyi) 

B\ a L. OAKLEY, G HARRIET WARRACK and 
PATRICIA H. CLARKE 

The Wellcome Phytiologleal RcMatreh Laborxxlories Beckenham, Kent 

SUMMARY Six antigenic oocnponenU have been Identified in tcndo filtrates from 
Oostrldium oedematiene, -wMdi have been a, p y 6 t and C 

a is the classicftl lethal toxin of Cl oedematiens and p and y are hamolytlo led 
thlnases, ^ bdng certainly necrotizing S and { are baeraolytlo« 8 bdng oxygen 
labile end t Is probably nespondble for pearly layer formation Type A strains of 
CL oedematiens produce a, y i and e typo B ttialns a, and type C strains 
produce iKine of these components when examined by our methods. Two strains 
of C2 baemo^/tictim produced the p lectthlnase. 

By methods based on oertain oharacteristio properties of these six antigenic 
components, oedematiens antisera can be tested for the corresponding antfix^es. 

In the identification of the various types of Cl oedematiens, methods b&sed on the 
properties of the y and « components give more consistent and clear-cut results 
than those depending on morphology colonial formation or fermentation reactions 

In I8fi4 Novy described as BacxUut oedanaiu malignx no 2 a Gram positive 
obligate anaerobic bacillus isolated by him from guinea pigs Inoculated with 
milk nncldn; this accoimt Is generally regarded as the flint reference to the 
organinn now known as Clctirldtum oedematiens {CL novyi, Bergey D r ee d 
Murray & Hitchen, 1989) Novy showed that mjechon of pure cultures of the 
organism led to death of experimental animals, and observing that death was 
not necessarily associated with evidence of local or general growth of the 
orgamim, concluded that death was due to injected toxic products. Since that 
tune numerous accounts have appeared of organisms related to BaciUite 
oedematis tnaZxgni no 2 In 1034 Scott, Turner & Vewter divided them mto 
three groups as shown m Table 1 


ProdueU detected in culture fiJiraie* 

The lethal toxin Ffitrates from CL oedematiens type A and type B often contain a 
lethal tnxln, -which U thermolablle (Zelssler A Rassfeld 1920) produce* on Injection 
Into ftnfmeLi the gelatinous pink stained oedema of oocinective tissue and muscle 
ohaiacteristio of CL oedematiens Infections (Weinberg d: S^guin lOlSo, b c; Menk 
1081/2) produces a local lesion in the rabbit oomea (Gfidemelster Sc Schlossberger 
1089) and is readily neutralised by anU-oedematiens sera prodneed in animals by 
Injection of either type A or type B filtrate* (Turner A Davesne, 1027 o, &) All these 
sictivities are ascribed, probably c o rrectly though on UtUe evidence, to a sln^ ktbkl 
toxin methods for its routine production were given by Walbum A Reymnnn (1037) 

EaemoJytins Both CZ. oedematiens type A (Menlc 1081/2 Celarek A Stetkfewlcz 
1088 Reed, Orr A Bakfr 1080) and type B (Turner A Davesne 1027Z> MacEwen 
1081) produce haemolyiins and the litezaturo contains evidence that some of these 
are distinct from the lethal toxin and that the type A haemolysin complex is difTerent 
from that produced by type B Glotowa, Ostrowalcaya Ssilanowa A Mnaaohewikaya 
(1984) found poor agreement between lethal and haemolytic values for sera against 
CL oedonatiens filtrates Reed & Orr (1941) state that for the most part haemotoxlns 
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as well as lethal toxins of the pathogenic species of Clostridium are species-specific, 
but give no evidence to support this view Keppie (1944) showed that type A 
antisera failed to neutralize the haemolysm of Cl oedematiens type B filtrates, 
but did not determine whether this was dependent on their strength, or whether 
the haemolysins were antigenically distmct Ha 3 rward & Gray (1946), devising an 
empirical haemolysm test to differentiate between Cl oedematiens and Cl septicum, 
found that sera neutrahzmg the haemolysins of Cl oedematiens (type A) failed to 
neutrahze those of Bacillus gigas (Cl oedematiens type B) 


Table 1. Classijicaiion of G oedematiens (Scott et al 1984) 

Experi- 
Fermenta- mental 






tlon of 

patho- 

Type 

Organisms mcluded 

Ongm 

Size 

glycerol 

gemcity 

A 

B oedenuUts matigni no 2 

Gas gangrene 

Small 

-1- 

-1- 


(Novy, 1894) 

of man and 

0 8-lx 




B oedematiens (Wemberg & 
Siguin, 19156) 

Cl oedematiens 

Cl novyi 

other animals 

2 5-6p 



B 

B oedematiens (Albiston, 

Black disease 

Large 

— 

-t- 


1927, Turner & Davesne, 

and Bradsot 

1 2-2X 




1927a, 6) 

B gigas (Zeissler & Hassfeld, 

of sheep 

19-14/1 




1929) 





C 

Bacillus of osteomyehtiB 

Bacillary 

Large 

— 

— 


baciUosa bubalorum 

osteomyehtis 

1 5-2x 




(Kranefeld & Djaenoedm, 
1988, 1986) 

of buffaloes 

8-10/1 




Tor 

genio 

-t- 


Substances affecting egg-yolk emulsion (lecitho-vitellm, L V ) Crook (1942) claimed 
that many strains of Cl oedematiens produced opalescence m egg-yolk emulsion (see 
Macfarlane, R G , Oakley & Anderson, 1941) and that some strains produced as 
mtense an opalescence as that due to filtrates of Cl welchii type A Macfarlane, M. G 
(1942) stated that some Cl oedematiens filtrates (probably denved from the type B 
stram ‘Albiston’) contamed a weak lecithmase antigemcally distinct from the lethal 
toxm and from the lecithmase (a-toxm) of Cl welekti Small amounts of a lecithmase 
are eictractable from the tissues of animals infected with Cl oedematiens (type not 
stated, McClean, Rogers, Williams & Hale, 1948) Nagler (1945) states that neutrah- 
zation tests on plates show that the substances diffusing from Cl oedematiens colomes 
and producing opalescence on egg-yolk agar and haemolysis on sheep-blood agar are 
probably identicaL 

The substance producing the '•pearly layer' Nagler (1944, 1945) has shown that the 
surface of colomes of Cl oedematiens type A growmg on egg-yolk sheep-blood agar is 
covered by a ‘pearly layer’ easily detachable from the surface, and that types B and 
C do not produce this effect The substance givmg nse to this effect is rather labile, 
thermolabile, and was not neutralized by two anti-oedematiens sera tested McClung, 
Heidenreich & Toabe (1946) have claimed that Cl oedematiens type A can be dis- 
tinguished from type B and from Cl sordelln and Cl perfnngens by the ‘reactions’ 
produced on a medium contammg 4% proteose-peptone, glucose, egg yolk and 
defibrmated rabbit blood , these reactions are said to be distmct and to be inhibited 
by ‘appropriate’ sera, it is stated that the blood may be omitted No other details 
are given 

Hyalurontdase Of fifteen strains of Cl oedematiens exammed by McClean et at 
(1948) only seven produced measurable amoimts of hyaluromdase, Keppie’s thesis 
(1944) shows that these were all type B strains 
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In the present paper evidence is offered for the existence in Cl oedemaiieM 
filtrates of at least SIX antigenic substances by the use of which and of suitable 
neutralizing sera, it is easy to distinguish between Cl oedanaUena types A 
and B and other anaerobes 


EXPERIMENTAL 
Maienal and methods 

Strains We used 108 strains of CZo^dium, cither desenbed by other worker* 
as Cl oedematiens Cl novyi or B gigas^ or regarded by them as more closely 
related to these organisms than to any other Closirtdxum so far described* All 
these were compared and as far as possible classified on a basis of morphology 
colony form fermentation reactions and tonn production. 

The type A strains were of the usual ongm two from gas gangrene m 
animals forty three from gas gangrene in man, indudmg the classical strains 
*Cossard ‘Domange’, * Jolly , and *B 140* from the 1914-18 war and thirty 
nine from various battle-fronts (three from Germany), mcludmg air raid 
casualties m the war of 1989—45 

Of the tixteen type B strains twelve were derived from sheep five from cases 
of Black disease in Australia, three from England and four from Germany The 
remaining four were isolated from man three from mixed infections the 
fourth was the only organism recovered from a typical fatal case of gas gangrene 
unpublished) 

Only two type C strains were available. 

CuUuraJ methods Cultures were grown for toxm production on the medium 
used for rontme production of lethal toxin. Before 1948 this was Wright s 
broth prefermented with Aerobaater aerogenes since then the mednim has been 
a papam digest of horse meat (total N 8-7 g /I ) to which was added 10 % of a 
sat. sodium sulphate solution e xtr act of horse muscle (3Iacfarlane & Knight, 
1941) Sodium thiolacetate or sodnim *hydro5ulphitc* (dithiomte) was added 
to ensure anaerobic conditions. Culture* were grown m 1 or 41 bottle* 
occasionally m smaller volumes bactena were removed from the culture fluid 
either by centrifugation or by filtration through paper after mixing with 
*Hyflo-sapcrceI* (Johns Man'Wlle Ltd. 5 g /L) When required sterile a 
filtrate was pcflltcred through Bcrkcfeld filters, or through Seitz sterihrmg 
pads, filtering at least 80 mL/sq cm of the pad 

For some purposes filtrates were precipitated by saturation with ammonium 
sulphate and the precipitate dried fn uocuo over sihca gel or dialysed overnight 
against tap water If the dried precipitate contained too much amnKmium 
sulphate for easy use, the powdered mateml was stured up with dry chloro- 
form much of the ammonium sulphate wank to the bottom, and the floating 
toxm* was skimmed off and dned. 

Sera^ We examined forty sera obtained at all stages of immunization from 
horses hyperinununizcd against CL oedematiens Of all these sera the anti 
lethal v^ues (Le, the values obtained by subcutaneous mjection of lethal 
toxm antitoxm mixtures into mice) were accurately known. 


OHl t 
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The general method of titration has been to devise mdicators of toxic 
activity, choose arbitrary standard sera active against filtrates affectmg these 
indicators, and to estimate the values of other sera against these standards To 
do this the test dose of filtrate was determmed as that amount of filtrate 
which, when mixed with a convement volume of standard serum (arbitrarily 
called X umts), allowed to stand for an appropnate time and added to the 
mdicator, produced a standard indicatmg effect The values of sera were then 
determmed by estimatmg the amount of serum required to neutralize the test 
dose of filtrate to the pomt at which it just produced the standard mdicatmg 
effect on the mdicator Such a mixture contams x umts of antitoxm, firom this 
infonpation the value of any serum is readdy derived All filtrates were also 
exammed by fiocculation and by animal tests for the classical lethal toxm 


EXAMINATION OF FILTRATES FOR TOXINS 
Lecitho-mieUin {L V) tests 

Level of testing three units , diluent M/5-sodiuni acetate^ acetic acid to pH 6 5 
( = S A B ) , allow mixture to stand J hr , add 0 5 ml L V (Macfarlane, R G el ol 
1941) as mdicator, place tests m water bath at 87® for 1 hr , read followmg morning, 
slight opalescence was taken as the mdicatmg effect. 

The toxic filtrates from Cl oedemaitens type A available to us when we began 
this work readily produced opalescence m egg-yolk emulsions (LV), we 
therefore chose serum R7908 as standard, gave it a value of 1700 umts and 
determmed the values of our other sera against six different type A filtrates 
Stnctly speakmg R7908 and Ex949 (see p 97) are secondary standards, the 
values of which are given m terms of our original arbitrary standards, now 
exhausted Table 2 shows the results obtamed from a representative selection 
of the sera 

Table 2 Comparison of anti-lethal values of anii-oedemaiiens sera vnth lecitho- 
vitelhn values against several different Cl oedematiens type A filtrates 


1 © Lccitho vjtellin ■\’Blue against filtrate 


Serum 

Anti-lethal 

value 

AE61 

AE208 

_> 

AB327 

^ 

OC19345 

R7903* 

950 

1700 

1700 

1700 

1700 

9517 

1700 

800 

800 

900 

700 

9783 

1000 

740 

660 

1100 

700 

202 

800 

670 

580 

700 

750 

644 

800 

630 

630 

800 

600 

R7648 

550 

270 

270 

270 

160 

171 

17 

290 

240 

250 




• Standard 


Two conclusions can be drawn from Table 2 First, that whatever L V 
values are chosen for comparison, they bear no relationship whatever to the 
anti-lethal values, it is probable therefore that whatever is producmg opal- 
escence m L V IS not the lethal toxin, a view which IS supported by the fact that 
Cl oedematiens filtrates capable of producmg dense opalescence m L V may 
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show no lethal activity Secondly, though the L,V values of sera agree fairly 
well among themselves, there arc occasional very large discrepancies (cf values 
of R7548 for instance) Such discrepancies arc most readily explamed by the 
existence in the filtrates of varying proportions of more than one substance 
affecting the indicator (egg yolk emulsion) 


Haemolytic teiis 

Level of testing 1-0 units diluent SJ\JB allow mbcUires to stand ^ hr , add 0 5 ml 
6 % washed horse red cells in saline place testa in water bath at 87* for 1 hr exxunine 
on removal from bath, and not less than 3 hr thereafter Indicating effect 20% 
hacmolyiis Rabbit cells may be used sbeep cells are rather insensitive 

Table 8 Companion of haemolytic and lectihchznUllin values of sera 
against two different CL oedemabens type A JUirales 



Ilaemolytio 

LcdUKvvitdUn 


Tmhiet agsinit 

values ajpdnst 

Senun 

AE82r 

OC10343 

AES27 

0010345 

n7&03 

1700 

1700 

1700 

1700 

202 

050 

800 

700 

750 

8S0B 

050 

600 

600 

ICO 

044 

050 

650 

BOO 

500 

#783 

1100 

1100 

1100 

700 

171 

1800 


250 



Haemolytic testa using the same standard filtrates and sera (Table 8) 
support the view that two mdependent antigens are present, for though for 
both the filtrates shown the haemolytic and L.V values of some of the sera 
(tg 2OT) Bpve, for others the LV value against one or other filtrate is lower 
tto the haemolytic value. The haemolytic values against bH the filtrates 
8 wed agreement, suggesting that only one haemolytic substance was 
prttent. oreover, when the L.V value differs from the haemolytic value, the 
*how some indication of bemg in proportion 
for .era 6^ 9788 8S0B the LV value, agarart filtrate OC19845 are 
^t half thoK agamrt atrate AE827 We therefore conclude that the type 
A atrates examined by us contamed two ralatance. distinct from the lethal 
one cansmg opalescence and haemolysis (y) the other opalescence 

Further evidence in favour of this view was obtamed from partial neutraliia 

partaally neutrahied with a serum 
w Value was much lower than its haemolytic value (1 e a serum 

TOntaming as rompared with the standard proportionately more y-antitoxm 
tto . anhtarin) it might bo expected that titratable . would remam after all 
® y ncutraliicd, and that usmg the partially neutralized mixture as 

tet toxm, L.V tests would give the L V value for sera when it was lower than 
tte haemolytic value (nsmg a serum IDie 171 as standard) and a value higher 
than either when the haemolytic and LV values were equah Though these 
expectafaons have on the whole been folfllled, practical difflcnlbes due to the 
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poor neutralizing power of our sera, and the small number of indicating doses 
of 6 present m most filtrates, make the results rather unreliable 

Another method of testmg the mdependence of y and e has been denved 
from the experiments of Nagler (1944, 1945), who showed that if CZ oedematwns 
type A was grown on egg-yolk sheep-blood agar plates a pearly layer was 
formed on the surface of the colony. We had found (hke McClung el al 1946) 
that the blood could be omitted from the medium, when this was done, not 
only could the pearly layer be seen at the surface, but another more diffuse 
opalescence could be seen below it When blood is mcluded m the medium, a 



Text-fig 1 The egg-agar test 


haemolytic zone of roughly the same extent as the diffuse opalescence is 
formed roimd the colony All these observations raised our hopes that the 
pearly layer might be due to e, and the diffuse opalescence and haemolysis to y 
If this were true we might be able to achieve physical separation of the y and e 
effects m L V tests We therefore devised the egg-agar test (Text-fig 1) 
Filtrate serum mixtures are made m the usual way, allowed to stand i hr , 
then poured on the top of a column of Wemberg’s V F agar containing about 
6 % of L V , and the whole mcubated m the water-bath at 87° for 18-24 hr If 
the filtrate-serum mixture is under-neutralized two distmct effects are produced 
m the agar at the surface a dense opalescence, and deeper m the medium and 
separated from the surface opalescence by a comparatively clear zone, a famtly 
opalescent rmg If the latter opalescent rmg is used as indicator m senim- 
titration tests, ‘egg-agar’ values can be obtamed for sera, and these (as 
Table 4 shows) agree with the haemolytic values whether the L va ues 
agree with them or not There is therefore considerable evidence that y is 
haemolytic and opalescence-formmg, as distmct from e, which causes only 
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opalescence. Attempts to carry out enU'« testa on sera, usmg the surface 
opalescence as indicator either m tubes or on egg agar plates have been 
successful onl> on occasion as the end point of such titrations is far too 
uncertam for accuracy 

Table 4 Companton of lecithO'VtUUin, haanolyUc and egg-agar valuee of 
sera against the tame Cl oedematiens type A filtrate (OC 10345) 

Indicator 


Senun 

ledtbo-TtUQln 

Red cells 

Egg agar 

RTW3 

1700 

1700 

1700 

n75« 

100 

500 

810 

850B 

100 

aoo 

000 

fi550 

ftSO 

400 

400 

au 

500 

B50 

850 

045 

500 

aoo 

750 

07B3 

700 

llOO 

1200 

202 

760 

600 

800 


Type A filtrates from some cultures in peptic digest media contain Uttle y as 
judged by LV tests they may however be vigorously haemoljrtic y^ like the 
a toxin of C3 Toelekii is a hot-cold hacmolysm filtrates from peptic digests 
may haemolyse almost Immediately at 87® The hacmolysm (8) is oxygen 
labile, and is to some extent neutraliMd by heterologous sera. As Table 1 
shows serum values against this haemolysin (diluent phosphate buffer pH 
6 5+ii/26 -sodium thiolacctate, Indicator 0 5 ml 6% washed horse cells m 
salme) show no relationship to the a, y or « values 8 is therefore probably 
distinct fhnn a y- and « toxins 


Table 5 Qmpanton of antx-Z xvith other values of scro, 
to thaw independence of Z-toxin 


Seram 

AntJ-« value 

Aiitl-r value 

ADti-« value 

Auti>5 value 

R7648 

550 

270 

160 

20 

M6 

T75 

800 

500 

90 

SOS 

600 

TOO 

>700 

50 

644 

600 

700 

550 

160 

S8 

050 

TOO 

400 

e 6 

R7003 

050 

1700 

>1700 

80 

0550 

1870 

400 

850 

80 

0617 

1700 

1000 

760 

GO 


At this pomt we had to abandon the investigation for a year or so When we 
returned to it we foimd that filtrates provided for us were no longer neutralised 
m haemolytic or L.V tests by our old well tried sera nor was the new acbvity 
due to a toxin Investigation showed that these new filtrates were derived 
from type B strains and that these filtrates were now being used to immunize 
horses New sera from these horses were obtaraed and tested against a new 
standard Ex949 (880 units) m L V and haemolytic tests Consistent values 
were obtained m L.V tests against several type B filtrates (Table 6) suggesting 
that only one substance affecting L.V is present m these filtrates m haemo- 


OMl 1 



98 CL Oakley, G JI. W arrack and P. H Clarke 

lytic tests results agreeing with the L V results were often obtained, the new 
‘opalescing’ substance (^) is probably haemolytic Against some filtrates, 
how ever, haemolytic values considerably less than the L V values are obtained 
(Table 7), this may be due to the presence in the filtrates of a haemolysin 


Table 6 Comparison of anii-a. and anii-y values of sera with their leeitho- 
intelhn values against several Cl oedematiens type B filtrates 


Serum 

Antl-a 

t 



^ 

Anti-y 

value 

OC91044 

OC 271 144 

OC15145 

OC23445 

value 

Ex 949* 

1200 

230 

230 

230 

280 

50 

2706 

1650 

200 

180 

100 

170 

8 

T61 

1650 

460 

460 

400 

500 

120 

2209 

1676 

240 

830 

180 

200 

12 

850 A 

1750 

1200 

1800 

1600 

1400 

750 

T3 

6250 

2150 

* 

8000 

Standard 

8000 

2000 

120 


antigemcally distmct from ^ Filtrates smtable for investigating this pomt are 
not yet available The few sera containing antibody to both and y-toxms 
(e g 850 A) were from horses immumzed with filtrates from both types A and B 
strains Like y, /5 is a hot-cold lysm 


Table 7 Comparison of lecitho-mtellin, necrotizxng and haemolytic 
values of sera against Cl oedematiens type B filtraies 



Lecitho- 

vitellm 

Necrotizing 

Haemolytic values against filtrate 

A 

Serum 

values 

values 

OC91044 

OC271144 

OK15145 

Ex 940 

280 

230 

230 

280 

230 

T61 

460 

800 

350 

400 

<50 

T8 

2600 

2000 

2200 

2800 

<50 

2209 

250 

280 

800 

800 

90 

860 A 

1400 

1100 

1300 

1400 

1000 


It may be noticed that the letters assigned to the antigens do not apparently 
correspond to the order of discovery This is because we consider that M G 
Macfarlane’s description of a lecithinase (almost certainly denved from a type 
B strain of Cl oedematiens) is adequate to define this toxm, here therefore 
assigned the letter p The haemolysm S was established before the differentia- 
tion between y and e was satisfactorily proved 

At this pomt we sent samples of filtrates contauung and y-toxms to 
Miss M G Macfarlane (Lister Institute, Chelsea), who showed that both 
hberated water-soluble phosphorus from lecithm, and were therefore probably 
lecithmases, she also confirmed our view that they were antigemcaUy distmct, 
makmg use of the method for titrating sera by enzyme inhibition devised for 
lecithmases by Macfarlane & Elmght (1941) 

The fact that ^ and y are lecithmases affords other indicators for them, as m 
virtue of this activity they might be expected not only to be haemolytic, but to 
produce a necrotic lesion on mtradermal mjection, or death on mtravenous 
mjection No filtrate containing y-toxm m which all the a-toxm Iiad been 
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neutralixed with sera containing no y-ontitoxin had any lethal or necrotinng 
power presumably because so httle active y-enzyme was present several 
^?-containing filtrates in which the a toxin iiad been neutralized by sera 
containing no /5 antitoxm were strong enough to produce a necrotic lesion but 
not to kifl with certamty Serum value tesla were therefore put up agamit the 
standard, and after standing half an hour 0*2 ml of the fUtratc-semm mixture 
was mjected Intradermally into depilated guinea pigs The mdicating effect 
was taken as a necrotic lesion 2x2 rom developing in 2 days The serum 
values 80 obtamed indicate that ^ toxm is necrotizing as well os haemolytic 
(Table 7) 

Some filtrates from t)T>c B strams after neutralization of all ^toxm (as 
judged by failure of the mixture to affect L V ) were still haemolytic- This 
haemolysin (Q, though not definitely o'^gen labile was neutralized to some 
extent by heterologous sera, and as the serum values against it show (Table 8) 
B distinct from a ^ y-, S- and < toxins 


Table 8 Comparison of vanotis values of sera against Cl oedematiens 
filirales ta show independence of C farm 



AntI-« 

Anti ^ 

Antl-r 

Anti *5 

AnU-< 

AnU C 

Scrum 

value 

^*alue 

value 

value 

value 

value 

20a 

800 

05 

700 

50 

>700 

30 

U4 

800 

2 

700 

180 

550 

140 

078a 

1000 

1 

1100 

20 

700 

70 

0S60 

1870 

5 

400 

80 

850 

15 

GX049 

ISOO 

230 

50 

800 

15 

1000 

Tfll 

1850 

•iSO 

05 

10 

10 

150 

T8 

0850 

2500 

120 

8 

IS 

110 

850A 

1750 

1400 

750 

220 

ISO 

6000 

btoco 

050 

20 

1700 

30 

>1700 

15 


Type C straini {Ch hubalorum) grew poorly in the bquid media usually 
employed for toxm production, on two occasions y-toxin appeared to be 
produced This finding was confirmed by scrum tests on the concentrated 
filtrates but further subcultures of these strains failed to yield anj toxim The 
organism grew well only m meat broth with added meat particles no toxm was 
produced in this medium nor In any medium so far tried has any toxm but y 
been demonstrated. 

Anhgenie unity of a ioxxn of CL oedemabeos 

We had obtamed no evidence that any of our toxins piossesscd any lethal 
activity at any rate m the concentrations normally occumog except a toxin- 
A lethal toxm is produced by both types A and B strains on laboratory medio, 
however, tvpc B strains produced much more than type A and many of the 
type A strains did not produce enough to be detected. It remamed therefore 
to prove or disprove the antigenic unity of the lethal toxm. Serum tests were 
therefore set up usmg both types A and B antisera, gainst one fUtmte derived 
from Cl oedemaitens type A and another derived from type B after standing 
for 1 hr 0 5 ml of the fUtrate'Serum mixture was Injected subcutonpously into 



100 


C. L. Oakley, G. H. Warrack and P H Clarke 

mice The end-pomt was taken as death of half the mice mjected withm 48 hr 
Table 9 shows that withm the limits of error of the test there was no difference 
between the anti-lethal values of the sera agamst the different filtrates, no 
evidence is therefore available that a-toxm is complex 


Table 9 Comparison of anh-lethal values of sera against Cl oedematiens 
type A and type B filtrates, to show antigenic unity of a.-toxin 

Anti-lethal values agamst Anti-lethal values against 


Type A 

Type A 
filtrate 

Type B 
filtrate 

Type B 

Type A 
filtrate 

Type B 
filtrate 

serum 

AE208 

AE798 

serum 

AE208 

AE793 

R7870 

800 

800 

2705 

1700 

1650 

860 A 

1900 

1650 

1141 

760 

750 

117907 

1160 

1000 

2096 

1000 

1000 

97 

800 

720 

2209 

1700 

1900 

R7869 

460 

470 

T8 

0600 

6000 

R7908 

850 

780 

T61 

1700 

1450 

9559 

1600 

1450 

2184 

1850 

1650 


Thus there is evidence that mcludmg hyaluromdase there are at least seven 
antigemc substances present m Cl oedematiens filtrates The characteristics of 
those on which we have worked and their distribution among the types are 
given in Table 10 It is clear that exammation for production of fS and y is 
adequate for typmg 


Table 10 Activities and distribution among types of Cl oedematiens toxins 

Presence in Cl oedematiens 


Activities of toxm 

Designation 

Type A 

Type B 

Type C 

Lethal, necrotmng 

a 

-f 

-t- 

- 

Haemolytic, necrotizmg lecithmase 

p 

— 

+ 

- 

Haemolytic lecithmase 

r 

+ 

— 

1 + 

Oxygen-labile haemolysin 

s 

+ 

— 

— 

Opalescence m lecitho-wtelhn , ? pearly layer 

€ 

-1- 

— 

— 

Haemolysm 


?- 

•f 

— 


Practical application to typing 

For routme exammation strains were grown m 10 ml amoimts of Brewer’s 
medium (Brewer, 1940, Hayward, 1948) m test-tubes, the organisms removed 
by centrifugation or filtration through paper after mixmg with a httle kiesel- 
guhr or ‘Hyflo-Supercel’ and the filtrate tested as m Table 11 

The results should be read immediately after 1 hr m the water-bath at 87 
and after not less than 2 hr at room temperature /8- and y-toxins produce 
opalescence m L V m the water-bath, but are hot-cold haemolysms If tubes 
2 and 4 show no opalescence m the bath, but show a progressive opalescence 
startmg from the bottom of the tube when they are cooled, e is present Few of 
our sera possessed sufldcient e-antitoxm to neutrahze e m these tests If if 
desired to avoid trouble with e, dilution of filtrates 1 4 will usually prevent its 
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action 8 and C produce rapid haemolyais in the water bath No dilHculty has 
arisen in typing all the strains by this method. 

A much more convenient way is to cany out typing on plates the method is 
similar to that used m the Nagler plate test for Cl xt^chu (Hayward, 1943) 
The plates arc made with Weinberg’s V F agar containing about 6 % of L.V 
After drying for 9-A hr half the plate is spread with 0 1 ml, Bcnim contammg 
about 200 umts/ml of y antitoxin or about 20 units/mh of ^ anbtozin. The 
serum is rapidly absorbed by the agar and after about ^ hr the plate can be 
inoculated. After 2 days’ incubation in the anaerobic jar, the colonies arc 
examined. 


Table 11 Arrangemeni for qualttaivoe deUrminiiiion of toonns 
preseni tn a Cl oedematiens jUimie 


Tube 

Coctcnti 

lodlcator 



Results 



1 

1 ml. (Utiato+l ml SJCB 1 


+ 

+ 


+ 

+ 

+ 

S 

1 mL flltmte+ao unit* r-A.T ' 

0*9 mL 

+ 

+ 

— 

- 

(+) 

( + ) 

a 

1 ml- filtntD ,10 units p AT 

uv 

~ 

— 

+ 

+ 

+ 

+ 

4 

1 mL flltnite+( 20 y+I 0 ffi unit* AT 



- 

- 

— 

(+) 

(+) 

5 

1 mL dhtate+l mL 3A.B. 


+ 

( + ) 

+ 

(+) 

+ 

{ + > 

Q 

ImLflltiste+l ml SA3 


( + ) 

( + ) 

( + ) 

(+) 

(+) 

( + ) 

T 

1 niL mtnite+20 unlu rA.T 1 +(7S+T0 

0-5 mt 

( + ) 

( + > 

— 

— 



8 

1 mL tUtiat«+10 unlu ^.AT t unlu 


— 

— 

( + ) 

(+) 

(+) 

(+) 

9 

1 mL ailr»te+( 20 y+l 0 fl j AT 

bOTM 

“ 

- 


— 

■” 



unlU at] 

red eeUi 








Toxitu pment 



y+8 

y 


y+» 


+ f Tmrr wdlmtf! reaction in water batK. 

( 4- )•■ Delayed reaction (haemolyab or opaleaceace) on cooling 
A,T antitoxin 


Rendu AU the type A strauu produced y-Iecithinase all the type B strains 
produced ^leathmase, no stram produced both ^ and y The appearance of 
the colonies gave other useful mfonnation. Thus the colonics of type A strains 
on egg agar TTcrd covered mth a pearly layer the lecithinase reactioD was well 
niarked and tended to be arranged m concentric rings (Plate 1 fig 1) whereas 
the type B colomes (Plate 1 fig 2) were surronnded by a diffuse lecithmase 
reaction and showed no pearly layer Of the forty doubtful strains resembling 

Ci.onlrmaifensmorecloselythananyotherdescribedanaerobe.butdifferu^from 

It m one or other characteristic, thirty five produced no ledthinase under our 
conditions either in liquid culture or on plates while five produced lecithinases 
antigenically distmet from both and y , 

It u of course essential in attempting diagnosis in this way to use sera w 

do not contam appreciable amounts of antibody to lecithinases or w otit 

nut testing (e.g Cl wdehti a toxm) if for instance the 
serum used contains sufficient antibody to ^tosm, itwfllinhiMttothi^nndr 
lecithinase reactions if it contains sufBaent antibody to CL roe it * * 

wm inhibit the reaction due to this terdn also The more mf^tion t^ is 
avaflable about the scrum values of the sera used therefore, t more y 

can they be used for typing 
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Companion with other typing methods 

Fermentation reactions Scott et al (1984) separated type A Cl oedematiens 
from t 3 rpe B on the ground (among others) that the former fermented glycerol, 
while the latter did not There is not much agreement in the literature on the 
sugars fermented these orgamsms, though Turner (1980) m an exhaustive 
survey of the subject states that on the medium he recommended both types A 
and B ferment glucose and maltose, while type A m addition ferments glycerol 
Keppie (1944) on the other hand (admittedly on a somewhat different medium) 
found that a few strams of type B fermented glycerol, though less vigorously 
than t 3 rpe A strains 

For our medium we have used 1 % peptone-water with 0 5 % NaCl, 0 25 % 
agar and 0 5 % of the test sugar, with bromcresol-purple as mdicator The 


Table 12 Fermentation reactions of fifty-nine strains of Cl oedematiens 




Carbohydrate tested 


Glucose 

Maltose 

I>actose 

Sucrose Mannitol 

Salicin 

Glycerol 

-t 


— 

— 

— 

+ 

-t 

-t 


^ _ 

— 

— 

+ 

+ 





•f 


+ 




+ 

+ 

+ 

— 

— — 

— 

— 

-t 

— 

— 

— — 

— 

+ 

-t- 

— 


— — 

— 

— 


Number of 
strams 
35* 
2 
8 
5 

Total 45 
7 
2 * 

S 

2 

Total 14t 


-b = Fermentation mth production of acid and gas — =No fermentabon 
* ‘Typical’ strams (crrtena of Scott et al 1984) 
f The r emainin g two strains could not be obtained pure 


carbohydrates used were, glucose, maltose, lactose, sucrose, manmtol, sahcm 
and glycerol Anaerobic conditions essential for good growth of CZ oedematiens, 
particularly of type B strains, are made possible by the addition of the agar, 
thus avoiding the use of the anaerobic jar On this medium some anaerobes 
bleach the mdicator without production of acid, all tubes showmg colour 
change were therefore spot-tested with mdicator No stram certainly Cl 
oedematiens produced bleaching, but as this activity is not uncommon among 
anaerobes and is characteristic of Cl sporogenes and Cl histolyticum for 
example, the test was a convement screen for examining the umdentified 
strams, manv of which fermented the same sugars as Cl oedematiens but m 
addition bleached the mdicator m all the other sugars tested One essential 
must not be forgotten — the orgamsm must grow well m the medium, or false 
negatives wiU be found, as was often the case with type B strams 

Table 12 shows the considerable variation among our strains^ though each 
was consistent m its habits, the results we obtamed by no means always agreed 
with those ex-pected from typmg We are therefore dismclmed to rely on 
fermentation reactions alone for identifynng and classifying Cl oedematiens 



Toxi^u of Cl oedematiens 108 

(jTOwih and colony forvu Type A rtrains grow more profusely on plates than 
type B strains, the colonic* are denser and ahghtly raised. Type B strains grow 
more slowly require more exacting anaerobic conditions and produce flatter 
more fllamentoos colomes, Differentiabon by colony form is however very 
difficult. 

Somatic and fiageUar antigenic structure (Turner & Bales 1948 Keppie, 
1044) AH Cl oedematiens strains appear to have two somatic antigens m 
common one of the*e is shared with CL haemolytunim The thirty three strains 
examined by Turner A Bales (1948) were separable (on the basis of their 
H antigenic structure) into eleven groups, seven of which contamed only one 


Table 18 Leathinase and pearly layer reactions of D oedematiens 
and other Clostridium species 


Inhlbltioa of kdthlnue 
reaction by ten containing 


Organism 

CL oedanatUsiM T>’pe A 
Type B 

CL haemoiyHaxm 
CL wddtU (all 4 types) 
CL spcrttgena 
CL fiisiolyttcian 
CL tpAeniddet 
C7 sortteUii 


Led thin ftse CL oedeTiuitiau CL o«daruittfns 

rencfUon yontitoxln ^-antitoxin Pearly layer 


+ 

+ 

+ 

+ 

+ 


+ 


+ 


+ 


+ (+) (+) + 


strain, buch anbgemc analysis is of fundamental importance but judging by 
Turner A Bales tables such analysi* cannot be used to separate CL oedematiens 
from other genera of Clostridium nor the three type* fix»m one another without 
very extensive investigation. 


Differentiation of Cl oedematiens other leciihtnase producing anaerobes 

Several other species of Clostridium produce lecithmase or pearly layer 
reacbons on plates (Table 18) CL haemolytieumj regarded by some (e.g 
Weinberg NabvcUe A Pr6vot, 1987) as a member of the Cl novyi {CL oede 
matiens) group, produces large amounts of a hacraolybc lecithinase, not 
neutralized in our tube or plate tests by athcr CL oedematiens p or yanti 
toxmi, but readily neutralized by the single nnti haemolyticum serum avail 
able. The leathinase end pearly layer reactions of the remainder present no 
difficulty as they are not inhibited either by p or yantitoxin but the reacbons 
of Cl sordeUxi arc of some mterest, for after 24 hr mcubation they iqipcared to 
be slightly inhibited by sera containing athcr p or y-antitoxui no mhibl 
bon could be demonstrated at 48 hr After 24 hr as judged by our tests 
Cl sorddltt might perhaps have been classified as a feebly toxigemc strain of 
CL oedematiens fortunately its cultural and biochemical characters differ 
so greatly from those of CL oedematiens that confusion with it is improbable. 
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All the strains available were tested on these plates and gave clear-cut 
results In addition it was found possible to identify Cl oedematiens m impure 
culture, both by testing the filtrates and by the plate reactions, although if the 
cultures were heavily contanunated the plates and haemolytic tests were 
difficult to read 

It must be clearly understood, however, that the tube and plate tests here 
described provide only mdications, however useful, that particular toxins are 
produced by the strains under test Proof that a given filtrate contains, say 
jS-toxin, requires the demonstration that m smtable tests the filtrate is 
neutralized by ^-antitoxic sera m proportion to their /8-antitoxm content 

Table 14 Comparison of anti-fi and anii-haemolyticum-lecithinase values oj 
sera in L V tests, to show that two Cl haemoljrticum filtrates contain 
Cl oedematiens ^-ioxin 

1. V value against Cl haemolyticum filtrate 


Serum 

Anti-j3 value against 
filtrate OC28445 

/ ■ ■ ■ — ■ 

OC21846 

' ^ 

OC22846 

2561 

81 

86 

86 

2025 

100 

100 

125 

2147 

200 

280 

280 

T61 

500 

500 

500 

850A 

1600 

1600 

1550 

T8 

8250 

2800 

2800 


Proof that a particular filtrate contains a toxm antigemcally distmct from 
j3-toxm, but having similar properties, reqiures a demonstration that the 
miniTniim effective dose of the filtrate agamst mdicators affected by jS-toxm is 
unafiected by the presence of yS-antitoxm 

These pomts are well illustrated by Cl haemolyticum Two strains of 
Clostridium, identified by others sis Cl haemolyticum and having the cultural 
characters of that organism, produce a lecithmase not neutrahzed m our tube or 
plate tests by either or y- smtitoxm This is due to the fact that the amount of 
lecithmase produced is far greater than the sera used can neutralize When the 
filtrates are diluted considerably, serum-value tests with L V as mdicator 
(Table 14) show that the filtrates contam /3-toxm (cf Sordelh & Ferrari, 
quoted bj Wemberg et al 1987) This finding supports the view that 
Cl haemolyticum is a member of the Cl oedematiens group, whether it is a 
member of tjqie B or a separate type can only be decided when more strains 
are a% ailable for test 

DISCUSSION 

"When Scott et al (1934) divided the ‘oedematiens’ group mto three types, they 
based their dinsion on source, size, fermentation of glycerol and patho- 
gemcitv' It is evident that though their cntena are not as stringent as was at 
first thought, the conclusions they drew from them are sound, our results 
support their \news and provide type-differentiating criteria of greater 
strmgency Hayward & Gray (1946) divide Cl oedematiens type A mto typical 
and atjqiical strains on the basis of their fermentation reactions, by their 
haemolj'sm test ten out of eleven typical, and eight out of twenty atypical 
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»tmms were diagnosed as Cl oedemaiiena Putting the matter another way 
one typical and twelve atypical strains failed to produce the specific haemolysuu 
Whether they regard this aa a cnticmn of the haemolysm test is not clear, but 
if os we believe, their haemolysm is our y-toxm, we are not surprised that they 
failed to demonstrate it m some instances, as the haemolysm test is so much 
less sensitive than the L V test. They state The atypical Cl oed^mati^m 
includes strains that fermented lactose or sucrose &Ded to liquefy gclatmc or 
failed to ferment maltose, but resembled CL oedemaixent m all other morpho- 
logical, cultural or biochemical characters.* Unfortunatdy it is not clear 
which of the atypical strains gave a positive haemolysm teat, or whether 
lactose or sucrose fermenters were ever diagnosed as Cl oedematiens by its use. 
In our hands all our thirty five typical type A strains and all ten atypical 
strains (atypical only in that they faded to ferment maltose or glycerol) 
produced y-lecithmase. All the thirty five strains of unclassified anaerobes that 
were regarded as distinct from Cl oedematiens on other grounds (morphology 
cultural charactenstica) fruied to produce y-lecithinase the lecithmases or 
haemolysms of the few imclassified strains that produced them were anti 
genicallydistmctfrom y- 8 and C toxins Most of the imclassified anaerobes 
fermented glucose maltose and glycerol several fermented sucrose And 
lactose mannitol or sabcm Of our fourteen type B strains only two were 
typical (Table 12) all fourteen produced ^ Icmthmase. Evidently capacity to 
produce /3 or ylecithmase is a for more consistent character than capacity to 
ferment a particular sugar 

We feel that Cl oedematiens (all types) is best defined as that species of 
Clostridium possessing Somatic (O) antigens Oed- I or II or both. It is an 
obligate anaerobe, usually fermenting glucose and maltose and often fer 
mentmg glycerol and not fermenting lactose, sucrose, mannitol or salicm it 
does not bleach bromcresol purple. If this definition be accepted Cl haemoly 
ttcum IS included m Cl oedematiens but determination of its exact position 
requires the examination of more strains. 

The species so defined is readily di^nsible into three types based on toxm 
production, type A producing y-toxin, type B ^ and type C none The types 
thus differentiated show marhed mtemal consistency and agree very well with 
those based on source, size, cultural characters and pathogenicity Tj^ies 
based on fermentation reactions or flagellar antigeme analysis alone show no 
such mtemal consistency, cut sharply acroes classifications based on other 
characters and are too numerous to be of practical use. 

Finally, we would draw attention to the fact that although ^ and y toxins are 
lecithinases bavmg the same type of mzymatic activity as the a toxm of 
CL veelchii (with which they also agree m bemg activated by calcium ions) they 
do not attack the same red blood cells as the latter toxin, CZ.o«2«nalienr^ and 
y-toxms readily attack horse red cells which arc hardly affected by Cl welchit 
a toxm sheep red cells, which are readily attacked by Cl xodehii a toxm, are 
relatively insensitive to Cl oedematiens ^ and y Evidently something is m 
volved m the haemolysis of these difTcrent types of red cell beside the enzymatic 
attack on lecithin 
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Bacterium melamnogetdcum — K Misnomer 


By HERTA SCHWABACHER and D R. LUCAS 
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AND C RBtlNGTON 

Department of Chemical Pathology VnvoertityCoile^eHoMpUalMedicalSchool London 

SUMMARY The morphological and cultural characteristJca of *even recently 
isolated atrains of Ractffrtum fn<Ioninogmfciim closely resembled those given by 
previous author*. Fermentation reactions \rae xmsatisfectory oaring to the pro- 
duction of add in basal media ^vtthout added carbohydrate. The growth of two 
Btndns studied in detail was greatty facilitated by X hictoT and to a much smalleT 
extent by V factor It was best on chocolate agar The strains were non pathogenic 
in mice Serologically they behaved alike In precipitin and complement fixation 
tests. There was insufficient Information to classify them into subtjTjes. 

The bla(^ pigment, extracted by a new technique which avoids the use at any 
stage of alkalis, proved to be haematm (not melanin) united in the cells with 
a bacterial protein to form a parahaematin Crystalline pyridine haemochromogen 
and baemin have been prepared from the isolated pigment. The hacmin when coupled 
with renatured ox globln gave reconstituted methaemogiobln oxy and carboxy 
haemoglobins. Ultra violet and visible spectral absorption data support the identi 
fleation of the pigments. In particular, the possible reduction of t^ vinyl groups 
of the porphyrin o.ucktu by the organism leading to meso- or deuteiohaematin 
has been eroded. 

It is suggested that the organism bo assigned to the genus Fuoiformis and the 
q>edflo name be altered from mdoMnogenietis to nigreteens midring Putiformis 
nfgreseens 

In 1921 Oliver L 'Wberry isolated an anaetobic Gram negative cocco bacillus 
from the human throat unne and faeces and from an infected surgical wound 
The organism grew on human blood agar slopes after 1-2 weeks mcubation 
using up haemoglobm during growth and giving nsc to a confluent, jet-black 
growth- Bdievmg the pigment to be melnmn, they named the organism 
Baderxttm melaninogemeuTTU Smee then several authors have mentioned the 
organism and some have studied it m detail 

This paper records the properties of seven recently isolated strains of Bact 
melaninogenieum and the identification of the characteristic brown black 
pigment as haematln not melanin. 

The strains were as follows J S from pyorrhoea alvcolans, associated with 
micrococci and non haemolj’tic streptococci no 8680 from an abscess of the 
jaw associated with an Adinomyees boots no 8099 and no 4814 from the 
throat m Vmcent s angina no 1186 from on abscess of the neck, associated 
with an anaerobic streptococcus and aerobic and anaerobic Gram negative 
bacilli no 1862 from an abscess of the nasal septum which also yielded a 
SU^kylococcus tturetut and a diphtheroid from a case of black tongue 
associated with anaerobic Gram negative baciHi and anaerobic streptococci. 
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DESCRIPTION OF THE STRAINS 
Morphology 

Microscopically the orgamsms showed no remarkable variation either among 
the different strains or when the same stram was grown on sohd or in fluid 
media The cells were mostly ovoid, measurmg 0 4-1 0x0 8-0 4/i Occasional 
cells up to 8 O/i long were encountered Some cells showed bipolar staming, no 
capsules could be demonstrated The orgamsms were non-motile, non-acid-fast 
and did not form spores 


Cvltural characters 

Two per coit horse blood agar plate Five days at 87° smooth, shiny, flat- 
convex, ]et-black colomes, about 1 mm. m diameter, with an entire edge 
Haemolysis was first evident, after 2-8 days, m the heavily moculated part of 
the plate, and the plates were practically cleared of haemoglobm after 14 days 
(PI 1, fig 1) The colomes were brown at first 
Gelatin enriched with Fildes's eodract and 2 % peptone (Evans) Four weeks at 
87° a semi-opaque, mucmous mass of growth with hquefacbon of the gelatm 
Fluid media Growth did not readily occur m simple broth or peptone 
water In Fildes’s broth (Fildes, 1920) a ropy, mucmous deposit was produced 
m 2-3 days 

Loeffler's serum slope Two days at 87° confluent, colourless, moist growth 
Metabolism AU the strains were stnctly anaerobic, and required the presence 
of about 5% CO 2 in the gas phsise All cultures had a foul odour 

The effect on growth of vanous media was measured by the average size of 
ten discrete colonies attamed under comparable conditions by the strams 
1186 and 4814 On nutrient agar, stram 1136 grew only m mmute colomes 
and stram 4814 faded to grow When 2% Evans peptone (Evans’ Medical 
Supphes, Ltd , London) was added to the nutrient agar, both strams gave small 
colomes The largest colonies were obtamed on chocolate agar, the mean 
diameters for the two strams were 1 80 and 2 ^5 mm compared with 0 14 and 
0 45 mm on blood-sahne agar 

The effect of incorporating X and V factors (Thjotta, 1921), supphed as 
yeast extract and haemm respectively, m nutrient agar, was as follows 

Agar with 

Agar with V Agar with X X and V 
Stram (mm ) (mm ) (mm ) 

1136 0 23 2 13 2 37 

4814 0 61 148 2 42 

Since stram no 4814 faded to grow on nutrient agar and the colomes of both 
strams were largest when both X and V factors were present, it is reasonable 
to assume that both factors facditated growth 

In confirmation of Slanetz & Rettger’s (1933) results with fusiform organisms, 
potato extract stimulated the growth of stram no 4814 Cysteme, which they 
also recommended, had some beneficial effect As might be expected from 
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the foregoing, oU strains grew readily m Ffldes’s broth. A fall in pH took 
place in all fluids in which there was growth 

BtochemicaL Fermentation reactions were impracticable because acid was 
produced in the basal media commonly used for sugar reactions Six strains, 
incubated for a week in peptone (Evans) water, were indole positive. In 
Fildcs’s agar stabs, six strains produced hydrogen sulphide, as judged by the 
blackening of lead acetate contamed in a layer of agar on top of the stab 
Sensithnty to sulpbonomides was tested on a senes of nutrient agar laked 
hone-blood slopes (Harper A Cawston 1945) containing 220 mg /lOO mb of 
sulphanilarmdc 8 5 mg /lOO ml. of sulphapyridine, 18 mg /lOO mb of sulpha 
thiaiole, 4 mg /lOO ml of sulphadiarine, and less than 80 mg /lOO mb of 
sulphamethozuie. The concentration of the sulphonamides was in each case 
a half -saturated solution at room temperature. At these concentrations growth 
was inhibited only by sulphomlomide. 

The minimal bactcncidal concentration of penlallm was estimated m 
Fildes’s broth for five strains it was O'S unit/mb and for the sixth 0 6 umt/mb 


Serology 


Shevky, Kohl L 3tarshall (1084) produced rabbit antisera with titres of up 
to 1 10 240 clumping was granular rather than flocculent, and their strains 
were serologically homogeneous Weiss (1087) following the technique of 
Heidelberger &; Kendall (1981) extracted from two strains bactenal protems 
which were antigecuc. The proteins from these two strains were uumuno 
logically distinct by precipitin reaction. Cross reactions occurred with 
group A jS^frep haemolyticue antiserum Weiss related his findings to those of 
Heidelberger A Kendall (1986) who used haemolytic streptococci and suggested 
the existence of a conjugated carbohydrate protein, analogous to the artificial 
pneumococcus type HI polysacchandc protein synthesised by Avery & Goebel 
(1981) 

Preparation of anti xera^ A rabbit onti-scrum was prepared by mtravenous 
inoculation with grow t h washed off a blood-agar plate and lolled in 0 26 ^ 
formol saline. After 6 wedcs its agglutination titre was 1 320 Smee the 
granular nature of the suspensions made direct agglutination tests difficult to 
mterpret, the precipitm and complement fixation reactions were used. 

PrcctpUin texts The precipitm tests were set up by cxtractiDg grow^ 
blood plates in 0 1 n HQ for 10 min at 100® neutralizing with 0 5 n NaOH, 
centrifuging and layering the supernatant fluid on to neat serum m the stem 
of a Pasteur pipette. An opaque ring was clearly visible at the interface of the 

two Uqulds withm 10 mm. AU our strains reacted with the serum No stram 
reacted positively with four sera prepared against strains of non pigmen 
Gram negative anaerobes of the Futiformis type, isolated from human ma 
during the last year, nor with X*ancefields A, B C and G grouping sera 


(cf Weiss, 1987) , ,, 

Saline extracts prepared by boihng a suspension for 6 nun. or holding it 
at sr- for !! hr also gave a positive precipitm test. Intravenous Inoculation 

S'* 
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into a rabbit of the saline extract, which by chemical test contamed carbo- 
hydrate but not protem, failed to produce any antigenic response after 6 weeks 

Complement-fiicahon tests The technique described by Price (1988) for the 
preparation of gonococcal antigen was used to prepare extracts for complement- 
fixation Usmg the homologous antigen at 1 80 the anti-serum fixed 
complement to a titre of 1 480 When the test was carried out simultaneously 
on all seven strains, usmg each antigen at 1 80, titres of 1 160 m four cases 
and 1 820 m three resulted 

In an attempt to relate the precipitinogen to the complement-fixmg antigen, 
a suspension of the homologous stram was divided into three portions From 
the first portion antigen was prepared as above The second and third portions 
were extracted m normal sahne for 10 mm at 100° and 2 hr at 87°, respec- 
tively, centrifuged and precipitmogen demonstrated m the supernatant flmd 
The supernatant flmd from the second extraction contamed no demonstrable 
precipitmogen The remaining deposits were then extracted by Price’s 
techmque The extract from the first portion fixed complement at a serum titre 
of 1 820 The final extracts from the second and third portions partly fixed 
complement m the 1 20 dilution, thus showmg that, when precipitmogen was 
removed from the bacterial cells, the latter were mcapable of fixing complement 
m the usual way It is therefore probable that the two serological activities, 
precipitation and complement-fixation, are referable to the same antigen 
This is substantiated by the fact that sahne extract fixed complement to titre 

Ammal paHiogenicxty 

Burdon (1982) described one stram which after subcutaneous moculation 
mto rabbits and gumea-pigs produced extensive cutaneous gangrene and 
death after 48 hr , Weiss (1948) described sundar severe effects m rabbits with 
recently isolated strains Apart from these reports, claims for pathogemcity 
are somewhat unconvmcmg or based on mdirect evidence 

Four tests were made of mouse pathogenicity In the first mtravenous, 
mtraperitoneal and mtramuscular injections were tried In the second 
a recently isolated stram was moculated mtraperitoneally In the third and 
fourth, another recently isolated stram was moculated mtraperitoneally, 
suspended m 25 and 5 0% ‘biomucme’ (Laboratoues Robert et Carri^re) 
The results were uniformly negative 

Comparison with previously described strains 

Reference to the literature shows that the organism has been recovered 
chiefly from the mouth, gemtalia and sites of chrome suppuration It is a strict 
anaerobe, grows slowly, and is difficult to separate from contaminants 
Cultures have a foul smell JlorphologicaUy it is Gram-negative, non-motile, 
non-spormg and non-acid-fast Shevky et al (1934) and Weiss (1943) claim to 
have seen a capsule m clmical matenal and m smears Jfrom animal autopsy 
respechvely, but other authors do not describe capsule formation There is 
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sliglit variation in the descriptions of the bacterial cch, but nil that it is 
polymorphous and that bacillary and coccal forms coaasL Shevky ci aL (1984) 
mention bipolar staining m the coccal forms 

The black pigment is formed slowly, and its formation is accompanied by the 
disappearance of haemoglobin from the mediunu No pigment is formed m the 
absence of blood, Shevky ei oL (1084) say that on serum agar there is late 
production of a brownish pigment. 

These observations are m substantial agreement with those made in this 
paper On the biochemical reactions of the onanism there is wide disagree- 
ment, espedaUy mth regard to fermentation reactrons. There is considerable 
variation of opinion on the capacity of this organism to hquefy gelatm most 
authors give the mdole reaction os positive. 

There is, nevertheless sufficient correspondence to leave no doubt that the 
organisms described m this paper ore identical with those previously described 
as Bact. melamnogerucum 


THE PIGMENT 

Hitherto it has been generally accepted that tiw black pigment produced by the 
organism is melanin or a melanin Iflcc pigment. Considering the pigment 
IS formed only m the presence of blood that its formation comodes with the 
disappearance of haemoglobm and Uiat neither adrenalro nor asobo fluid 
assist in its formation (Shevky et al 1084) it seemed more likely to be a 
breakdown product of haemoglobm 

The evidence upon which the pigment was first desenbed as a melanm by 
Oliver & "Wherry (1921) is entirely inadequate. They noted its msolubihty in 
several organic solvents and recorded that it occurred as cstracdlolar 
amorphous masses it was also found to dissolve slowly m sodium hydroxide 
solution, but apparently no spectroscopic mvestigations were made. Shevlty 
et aL (1984) confirmed the insolubility of the pigment in solvents such as 
acetone, chloroform, etc, and its solution m weak alkalis agam without 
recording any spectroscopic examination. 

Our own observations have shown that the pigment is readily dissolved 
from the bacterial growth by pyndme. In which it forms a greenish brown 
solution with maximum spectral absorption m the region of 5S8mfi, Addibon 
of a small quantity of sodium hydtosulphite (Na^ 04 ) produced a rapid change 
1 X 1 colour to brownish red, and at the same time the mtense and charactenahe 
absorpbon bands of pyndine haeniochromogen (pyndme ferroprotoporphynn) 
appeared (maxima 557 4 and 523 8 mfu) This behaviour is consistent mth that 
of a haem pigment, but m view of the fact that the organisms had been 
removed from an agar plate originally containing blood ngorous punficabon 
to remove all haemoglobm derive^ from the medium was essential before such 
a test could be considered xmequivocaL It was m addibon, highly desirable 
that crystalline denvatives should be prepared in order to support any 
spectroscopic evidence. It is however w^ known that treatment with alkalis 
such 08 sodium hydroxide, the only good and easily mampulated solvent for 
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haematm, so alters this pigment that it is frequently impossible to prepare 
crystallme derivatives from it after such extraction (Fischer, 1924, Keihn, 
1948) Moreover, solution of haematm in sodium hydroxide and reprecipi- 
tation at the isoelectric point failed to ehmmate accompanymg protem, which 
largely reprecipitated with the pigment A new extraction and purification 
techmque was required which would avoid the use at any stage of sodium 
hydroxide Such a techmque was found m the use of 90% phenol as descnbed 
below 


Extraction and purification of tlie pigment 

Plates were used that showed a good growth of organisms and from which 
the haemoglobm had almost entirely disappeared The growth was removed 
with as httle adhenng agar as possible, stirred up with water at 50-60° and 
centrifuged, the supernatant being discarded Washmg m this manner was 
repeated until all traces of agar and haemoglobm were removed The pigmented 
organisms were then stirred with about 20 times their volume of 90% phenol 
(10 ml of water + 90 g phenol) Extraction of the colouring matter proceeded 
slowly, and it was found convenient to remove each lot of phenol solution by 
centrifugation after 2-4 hr contact (first extraction 12 hr ) with the bacterial 
mass When the solvent no longer extracted spectroscopically detectable 
pigment (i e a well-defined broad band with centre 627 5 mp) from the cell 
debns, the extracts were combined, and to the dark brown solution twice its 
volume of absolute ethanol was added This served to precipitate a small 
quantity of dissolved protem which was removed by a no 4 smtered glass 
filter 

The solution was then dialyzed m a collodion bag (Viskmg) agamst tap 
water Separation of two liquid phases soon occurred, and it was necessary to 
mix the contents of the bag frequently Finally, when all but a trace of phenol 
was removed, the dark pigmented bottom layer showed signs of turbidity due 
to precipitatmg pigment It was found convement to remove it at this stage 
mto a centrifuge tube, add plenty of distilled water, stir, centrifuge down the 
granular pigment and repeat the water washmg two or three times 

We believe that by this process we obtamed the pigment with as little 
chemical alteration as possible That it no longer contamed or was associated 
with protem was demonstrated by the fact that a solution m dilute NaOH, 
when reduced by NaaSgOi, gave only the bands of reduced liaem and no trace 
of a haemochromogen Dissolution m alkah was, however, rather slow, 
a phenomenon frequentty encountered with preparations of ^ematm isolated 
from natural sources 


Preparation of crystalline derivatives 

"When a small portion of the isolated pigment was mixed on a glass slide with 
a drop of Takayama’s reagent (Harrison, 1944) it dissolved A cover-shp was 
apphed, and after a few mmutes the colour changed to the red of pyndme 
haemochromogen and crystal masses were \usible under the microscope Even 
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when prepared from pure haeraatm the shape of these crystals was variable 
rangmg from prismatic needles grouped in stellate dusters to flat overlapping 
plate-hke structures We observed that the type of crystal produced depended 
somewhat upon the maturity of the TaVnyama reagent and hence on the 
velocity of reduction and also that the needles first formed tended to become 
transformed on the slide mto plates Control experiments were therefore 
always done at the same time with pure crystalline haemm PL 1, figs 2-7 
record some of the preparations obtained 

The haemm (PL 1, fig 8) was simflorly obtained from the bacterial pigment 
bywarmmgonaslidewithaceticacid KCimixture as in preparing Teichmann’s 
crystals from blood. 


Proprrties atid naiitrfi of the pigment 

That the pigment isolated by the phenol method was a haem pigment was 
readily demonstrated bv the spectroscopic examination of its solutions m 
different solvents by the formation of a pyndme haemochromogen and 
lastly of a porphynn when the pigment was treated with concentrated 
sulphuric acid These results ore presented in Table 1 where the data for 
haemm similarly treated are given for comparison. The speamen of haemm 
was a sample recrystaUized as described by Rimington (1942)» and all 
measurements were made with the Hartndge reversion spectroscope It will 
be seen from the spectroscopic data that m all respects the bactenal pigment 
very closely resembled haematm (ferriprotoporphynn) The possibflity, 
however had to be bome m mmd that a reduction of the two vinyl groups 
— CH-»CH, of the protoporphyrm nucleus might have been brought about by 
the bactenal cell leading to mesohaematin, the Fe complex of mesoporphynn 
or even that the vmyl side chains might have been completely removed 
resultmg m deuterohacraatm the Fe complex of deutcroporphynn. Both 
these porphyrins have been found m faeces where they are undoubtedly 
denved from protoporphyrm by bactenal oction (Zcile &; Rau 19S7) 

The close correspondence of the absorption spectra of the pigment of Bad 
melanxnogenunim with haeraatm and of the porphyrm denved from it with 
hacmatopoTphyrin rather than mesoporphynn or deuteroporphynn (see Table 
1) strongly suggests that the vmyl groups remam mtact, Drabkin (1942) has 
shown that the pretence of free vinyl groups in haem pigments displaces the 
absorption maxima about 11 towards the red the a band of pyndme 
haemochromogen for example, lying at 658 mp. and that of pyndme raeso 
haemochromogen at 547 mp. Further evidence was obtamed, however, by 
coupling the bactenal pigment with native globm to form methaemoglobin, 
reducing this to oxyhaemoglobm with Stokes’s reagent, and measunng the 
absorption bands of these pigments and the CX) haemoglobm obtainable by 
saturating the solution of the oxy compound with coal gas, IMcasurcmcnta 
were al^ made of the Soret bands m the near ultra violet, and a complete set 
of data was simultaneously obtamed upon an authentic specimen of rccon 
stituted haemoglobm for which the starting point was pure crystallme haemm 
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Preparation of reconstituted liaemoghbins 

Globin hydrochloride "was prepared from ox blood (ox globm bemg relatively 
more stable than horse or human globm) and partially renatured by dialysis 
for 24 hr agamst runnmg tap water accordmg to the method of Anson & 
jMirsky (1929-80) Dialj^sis was completed against u/SO-KgHPOj solution at 


Table 1 Spectroscopic data obtained from the bacterial pigment 
and from crystalline haemin 


Solvent, treatment, etc 

Pigment 
from Bad 
melanin ogentettm 
(wave-length, 
m;t.) 

Haenun 

(wave-length, 

mp.) 

Remarks 

0 iN-NaOH extract 

618 2 



_ . 

of growth 

Do +NajS,0< 

658 8 

— 

f Haemochromogen 


527 9 

— 

( t 5 ^ spectrum 

1 * 3 ^ 1(1106 extract of 

582 8 

— 


growth 

0 1 x-NaOH solution 

618 2 

615 7 

Broad band 

of isolated pigment 

Do ' 4 “Na 2 Sj 04 

578 8 

675 0 

Broad band 


585 5 

640 0 

Broad band 

0 Ix-NaOH solution 

557 2 

657 2 

Very sharp 

+ P3mdiue + NajStOj 

527 9 

529 8 

— 

90 % phenol 

6271 

627 6 

— 


540 8 

540 0 

— 

Acetic acid 

629 1 

688 1 

Broad band 


588 2 

641 4 

Broad band 

Ether-HCl 

637 6 

637 6 

— . 


548 6 

648 7 

— 

Cone. H-SO 4 

601 9 

601 7 

Very sharp 


557 2 

556 6 

— 

Porph 3 nnn from above 

625 6 

625 8 

Very sharp 

m p 3 rndme 

579 6 

579 3 

— 


540 0 

540 3 

— 


507 5 

507 8 

— 

HaematopoTphynn m 

— 

601 6 

Very sharp 

HjSO^ 

— 

554 8 

— 

JMesoporphynn in 

— 

694 5 

— 


— 

551 9 


; pH of which denatured globm is insoluble ALfter centrifugation the super- 


natant liquid, containing the renatured protein, was carefully adjusted by 
KELJPO^ solution to a pH of about 6 0 To separate portions of this solution 
were added solutions of bacterial pigment or crj'staUme baemm, respectively, 
m dilute NaOH, untd the band of metbaemoglobm at about 630 m/i was 
clearly visible. After this measurement, freshly prepared Stokes’s reagent 
(Hamson, 1944) was added drop by drop imtil the colour changed from brown 
to red and the metbaemoglobm spectrum had given place to that of oxy- 
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haemoglobin* Over reduction led to the single, broad band of reduced 
haemoglobm (purple-coloured solution), but shaking with air restored the 
two banded HbO, spectrum* This demonstrated incidentally the capacity of 
the synthetic globm pigment complex made from the bacterial pigment to 
funchon like haemoglobin os on oxygen earner 
It was observed that during the addition of the Stokes s reagent some 
unavoidable denaturation occurred, so the &olutK>ns were centnfuged before 
proceeding further from this stage* For the measurement of the Sorct bands, 
the reconstituted haemoglobins were cquihbrated to pH 7 2 by dialysis against 
ii/80-phosphate buffer since the exact position of this maximum is influenced 

Table 2 Spectroscopic data from reconsiUtUed haem'OX globtn pigmertis 



Bacterial 

Haetnatin*ox 


plgment-ox globin 

globin 

Pigment type 

(wave-length, mfi.) 

(wave-length tnf 

Blet Hb (aOc) 


— 


638 9 

— 

Met Hb (add) 

e8i-4 

681 8 

HbO, 

STT-T 

677*7 


689 >0 

639 -4 

HbCO 

674 6 

678 1 


637*8 

637 8 

Pyiidlne haemo* 

657 1 

6573 

chnxnogen 

688 B 

629*8 


Soret bands 


HbO, 

405*6 

406 

HbCO 

416 3 

410*0 


by the pH of the solution. Good agreement between the reconstituted bacterial 
pigment and that from haemm was agam found for both the oxv and carboxy 
derivatives (Table 2) The mstrument used was a Hilger medium quarts 
spectrograph, and the mtensity of the Soret bands was found to be of the order 
of 10 times that of the visible bands, as is the case with normal nath’c oxy 
haemoglobin. The actual maxima of the Soret bands were in each case at 
a wave-length shorter than that usually observed m the case of native HbO, 
and HbCO 403 S m^i. as compared with the usual 414 3 mp. for HbO, and 
416 8 mp. as compared with the usual 420*0 mp, for HbCO 

These shorter wave-lengths ore those observed for the Soret bands on 
solutions of normal native HbO, and HbCO respectively which have been 
kept for some time and have apporcntlj undergone some preliminary form of 
denaturation which does not, however appear to affeef the visible band wave 
lengths. In the case of the reconstituted bacterial pigments the visible bands 
agreed closely with those of normal native HbO, and HbCO The wave-lengths 
observed for the Soret band m these reduced reconstituted pigments and m 
partially denatured haemoglobins almost comcided with that of methaemo- 
globin. The presence of a Soret band b m itself strong evidence for the existence 
of the intact porphyrin ring 
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State of the pigment in {he bacterial growth 

From all the evidence assembled above there remains no reasonable doubt 
that the pigment extracted from a culture of the orgamsms is identical with 
haematm (femprotoporphyrm) The next question to be considered was 
whether it was present m the bacterial mass as such or combmed with bacterial 
protem, extractants such as pyndme and phenol might easily free haematm 
from a weak chemical union The fact that solutions of the purified pigments 
m dilute NaOH gave no haemochromogen on reduction but that a simple 
extract made by stirrmg the growth with the same solvent afibrded an mtense 
haemochromogen spectrum on addition of Na 2 S 204 , leads us to beheve that in 
the cultures the haematm is umted to a protem of the bacterial protoplasm, 
formmg a parahaematm This, indeed, might be anticipated from the known 
ease with which labile compoimds are formed between proteins and the haem 
pigments 


DISCUSSION 

The medical importance of Bacterium melamnogenicum is difficult to assess, and 
the observations m this paper have no direct bearing on it The frequent 
association of the organism with pyorrhoea alveolans, as noted by Liebetruth 
(1984) and Burdon (1928), is perhaps worthy of mention By breaking down 
extravasated blood the orgamsm might well be responsible for the black flakes 
which form in the gum pockets of pyorrhoea 

Failure to isolate the organism m routme cultural work is no doubt related 
to its slow growth and carbon dioxide requirements The carbon dioxide 
requirement is the probable explanation of the difficulty previous workers have 
found m mamtammg the organism m pure culture The biochemical reactions 
reported m the hterature are not sufficiently tellable to attempt classification 
mto biochemical types, and there is msufficient information on serological 
work to deny or affirm the existence of serological types 

The organism is classified by Wilson & Miles (1945) in the group Fusiformis, 
and its morphological and cultural characteristics are qmte in accordance with 
their general defimtion of the group 

The name melamnogenicum is a misnomer, mdicatmg a biochemical activity 
of which the organism is mcapable By analogy the name should now be 
haematinogemcum, this, however, is long and ugly, and we suggest m place of 
the innaccurate melamnogenicum, the species name ntgrescene, mdicatmg 
accurately the progressive production of a black pigment 

We are mdebted to Mr W J Emcham for his assistance m the preparation of 
the special media, to Mr E M Jope for londly recordmg the ultra-violet absorption 
spectra of the reconstituted haemoglobm denvatives, and to Miss H Shemman who 
assisted with the chemical work on the pigment The Laboratorres Robert et Camfere 
kmdly supphed the biomucme One of us (C R ) acknowledges a grant from the 
Central Research Fund of the University of London, out of which the Hartndge 
reversion spectroscope was purchased 
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EXPLANATION OF PLATE 

Pig 1 6-day-old culture of Bad melamnogenicum showing cleanng of medium by the 
organism, ongmal size. 

Fig 2 Pyndme haemochromogen from pigment of Pac< melamnogenicum Prismatic needle 
forms with some plates m aggregates, x700 

Fig 8 Pyndlne haemocliromogen from pigment of Bad melamnogenicum Transition mto 
flat plates, x570 . 

Pig 4 Pyndine haemochromogen from pigment of Bad melamnogenicum Overlapping 
thin plates, frequently with upturned edges, x 700 

Fig 6 Pyndme haemochromogen from haemin Needle forms m aggregates , x 200 

Fig 6 P 3 mdme haemochromogen from haemm Overlappmg thm plates (note upturned 
edges), x870 

Fig 7 Pyndme haemochromogen from haemm Fmal form , x 300 

Fig. 8 Haemm from pigment of Bad melamnogenicum, x670 


{Received 11 September 1946) 
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The Effect of Temperature on the Growth of Bacterium 
coll at pH 7 0 with a (Constant Food Supply 

By R. C JORDAN jjm S E JACOBS 

From the Phytiolog}/ InaitUrie UnioertUy CoUtge of Sotrth Wala and Monmouthshire 
Cardiff and Uie Baetenologtcrd LcAondory Imptrial CoUege 
of Science cnxd Technology Ijondon 

SUMMARY The effect of temperature on tLe growth of BacL eoli under accmately 
controlled conditiotu has been examined in an apparatus which permlta food to be 
TOpplied at any desired rate by means of an aotomatio syringe mechanism* Six 
temperatures were used from 15^ to 40 at 6 intervals, with a singlo rate of food 
supply Total and viable cell counts wero frequently made and growth curvet 
constructed In some cases the changes in nomben were followed after stopping 
the food supply 

At an eta^ the total counts greatly esajeeded the viable There was always 
first an initial phase in which the daOy increments in total ceUs varied wHh 
time* Very early In this phase cell division lagged behind cell growth At 15^ this 
condition probably persisted througbout the whole experiment. The initial phxise 
was longest when the temperature was lowest, birt the 'time taken to reach SOO x 10* 
total cells/xnL did not vary greatly except at 15 when the time was markedly 
increased. The yield of total cells at the end of the initial phase was highest when the 
temperature was lowest and depended on the amount of food added i e. on the 
duration of the phase b\it relatively more cells were formed in a long than in a 
short phase. The viable cell count at tbe end of the InhJnl phase was also enhanced 
by low temperature except at 15* where tbe viable ceDs were fewer than exi)ected in 
comparison with tbe other experiments. Tbe ratio of the total to the viable count 
at the end of the initial phase was often close to 2 0 

The inltlnl phase was followed by a steady phase In which there were on the 
whole constant dally increments in both total and viable coimta, althongb there 
were Indications of stepwise increments. In the steady phase the calculated rates of 
increase In both total and viable cells were highest when the temperature was low 
and bore a linear relation to tbe temperature. The rate of Increase in viable cells 
was almost tero at 86 which was apparently a crilicdl temperature for viabllitj 
At 40 there was only a alow decUno in viable cells, but ncvertheleas at both 86 
and 40 growth of the cultures occurred rince the total counts continually increased 
but approximately half tbe celb formed were non viable 

To express the dlfTerenee between tbe total and viable coimta a non viability 
index was calculated. This was constant throu^out the steady phase and was 
smallest when the temperature was lowest. T&e amount of food previously shown 
to be required for the formation of a new cell at 85® was found to be not Inccmsistent 
with tbe experimental data at any of tbe other temperat ur es, but if this amount 
were constant the food used per cell for maintenance and wastage must have 
declined with decreasing temperature. 

After ce ssa tion of the food supply tbe total coimt declined nt both 15 and 80 , 
being slightly faster at the lower temp er a tur e. Tbe viable coimt also declined 
during starvation at 16* the rate of decrease of the viable count was greater 
at 80* 
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It C Jordan and S E Jacobs 

In a previous paper (Jordan & Jacobs, 1944) an apparatus for the cultivation 
of bactena with a constant food supply was described, and the results of 
prehmmary expenments with Bact coh reported It was shown that the 
apparatus would function satisfactorily and continuously for long periods, and 
that reproducible results could readily be obtained These preliminary experi- 
ments were all conducted at 85° and pH 7 0, and resulted m the establishment 
of cultures m which the number of viable cells remamed approximately constant 
while the total cells steadily mcreased, the numerical values attamed 
depended on the rate of addition of food The existence of these conditions 
enabled the calculation to be made of the amount of Difco dehydrated broth 
required for the formation of a new Bact coh cell and the mamtenance of its 
full activity apart from reproduction Further experiments have now been 
performed with the same organism, apparatus and techmque, m order to 
determme the ejffect of different temperatures at pH 7 0 


APPARATUS AND TECHNIQUE 

Smce the apparatus and techmque were fuUy described previously (Jordan & 
Jacobs, 1944), full experimental details are not repeated here A brief 
summary, however, may be given in order to make the present paper more 
self-contamed It was desired to study the effect of temperature on the 
changes in numbers of total and viable cells with time m cultures of Bact coh 
which, mstead of contammg as is usual a large excess of food material, were 
supphed with food at a regular known rate 

Method of supplying the food The food addition was effected by means of the 
automatic syringe mechamsm described by Sims & Jordan (1942) which permits 
a known volume of sterde nutrient solution to be transferred to the culture at 
each operation of the syringe The rate of addition was fixed at 0 066 ml 
every 100 sec usmg a solution of Difco dehydrated broth (6 g /I before 
autoclaving), equivalent to an actual addition of 15 2 mg of the dehydrated 
broth/hr 

The culture flask This was a 5 1 Pyrex round-bottom flask with a central 
wide neck, around which were arranged three narrower necks All were fitted 
with ground sockets, and the connectmg fittmgs were provided with sealed-on 
glass dust-covers The central neck served to admit the food solution and an 
air stream The other three necks were for the effluent gases, for takmg 
samples for countmg purposes and to accommodate a modified dipstick for 
observmg the level of the culture fluid The final culture volume after auto- 
clavmg was 1450 ml The connexions to the food supply were entirely of glass, 
no rubber bemg m contact with the food solution The necessary flexibihty m 
the glass connectors was obtamed by spirallmg the tubing 

The functions of the air stream The culture was kept contmuously stirred by 
means of a stream of dry sterile air warmed to the temperature at which the 
culture was to be grown This air stream served a number of other purposes 
By arranging the apparatus so that the jet through which the food solution 
entered the culture flask was surrounded by a glass guard tube which also 
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served to admit the stream of air, contamination of the entering food by spray 
from the culture was prevented. The success of the technique largely depended 
on this 

The BIT stream further ensured the rapid distribution throughout the whole 
culture of the food added periodically, and evaporated water from the culture, 
the rate of flow of air being so adjusted that the water removed just balanced 
that added m the food solution, thus keepmg the culture volume constant. 
The dipstick referred to above enabled the volume to be checked withm 
±2% However at the lowest temperature mvestigated (16®) the rate of 
evaporation was insuIBcient with any convenient air flow to compensate for 
the food addition the bacterial counts have therefore been corrected for the 
small average daily increase m culture volume. 

Another essential ftmebon of the air stream was to keep the culture ade^ 
quately oxygenated. The contmuous bubbhng also prevented the formation of 
a sediment of cells, the existence of which might have invalidated the cell counts 

Control of pH. Preliminary experiments having shown that m weakly 
buCTered media alkaline metabolic products soon raised the pH to an inhibitory 
level the cultures were buffered at pH 7*0 with Ji/80>phosphate. This sufficed 
to hold the pH reasonably constant throughout the longest experiments 
which exceeded 80 days The final pH was never above 7 4 other work has 
shown that a change of this magnitnde has little effect on the growth of these 
cultures 

Tempnalure eoniroL The culture flask was immersed m a thermostatically 
controlled water bath up to the unions of the necks with the flask. The 
temperature variation did not exceed fO*!® 

Procedure ai Vie heginmng of an experxment, 1660 ml of the phosphate buffer 
were placed m the culture fl^k and the whole autoclaved, the final volume 
being 1450 ml The stock food solution was autoclaved m a 8 L Pyrei 
reservoir flask. All connecting ports such os the food jet, level indicator 
syringe mechanism etc. were wrapped separately m paper and sterilized m 
a drying* autoclave When cool, culture flask was placed m the water 
bath at the desired temperature, the venous parts of the apparatus fitted 
together aseptdcally, and the air stream started. 

After temperature equiUbmira had been reached the moculum was added to 
the flask and the syringe mechanism controlling the food supply set in operation 
Inoculation was at the rate of 800-^00 cdls/mL of buffer this was achieved by 
adding 6 mk of a suitable dilution in eterile water of a 34 hr Difco nutrient 
broth culture of Boci coli type I grown at 86 Samples (2 6 ml.) of culture were 
Withdrawn firom the culture flask for estimation of the numbers of total and 
Viable cells 

Method of mabht counting The usual plating technique was employed the 
culture sample being diluted in sterile H/8fi*phosphate buffer solution. Eight 
replicate plates on Drfeo nutnent agar were made from a suitable dflution of 
each-sample and these were meubated at the temperature of the experiment 
concerned except when this was 16® when an incubatioa temperature of 20® 
Was used m order to accelerate growth of the colonies 
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EstiTnation of total cells The turbidity of the sample "was measured in 
a Spekker photoelectric absorptiometer and the results converted to numbers 
of cells by means of a factor established from special calibration experiments 
The latter were conducted at 85° as described above, and the turbidity was 
detenruned on samples which were also used for direct microscopic counts 
A Thoma countmg chamber 0 02 mm deep was employed, usmg a ^ in 
objective and an 18x compensatmg ocular. The organisms were killed and 
stamed to rmder them more easily visible by the addition of 0 5 ml of 0 1 % 
aqueous acriflavine to 5 ml of culture Clumps of cells were very rare and 
small, and when seen were counted as one umt Paued cells were infrequent 
but were counted as one umt unless obviously on the pomt of separating 

A large number of statistically satisfactory duect counts were obtamed, the 
standard errors of which varied from ± 2 to ±6% accordmg to the number of 
organisms counted (Fisher, 1988) It was then foimd that the ratios of the 
numbers of cells /ml of the Culture to the absorptiometer readings (corrected 
for the gradually deepenmg colour of the culture caused by the accumulation 
of the yeUow-brown coloured material of the broth) were scattered about a 
mean This had a value of 13 62 miUion cehs/ml /absorptiometer unit, with 
a standard error of + 0 26 million, i e approximately 2 % This method is, 
however, not smtable for estimatmg extremely low numbers of cells, and total 
cell counts based on absorptiometer readmgs of 1 umt or less are therefore only 
approximate 


EXPERIMENTAL AND RESULTS 

Eccpeninents peifouned Experiments were carried out at temperatures of 
15°, 20°, 25°, 30°, 35° and 40°, daily estimations being made of the numbers of 
total and viable cells Only one experiment was performed at each temperature, 
except at 35°, where the data given are the mean values from several replicate 
experiments previously reported (Jordan & Jacobs, 1944) Each experiment 
was contmued for at least 22 days, a time amply sufficient to reveal the shape 
of the growth curve. In two mstances, namely, the experiments at 15° and 80°, 
the food supply was stopped after 17-18 days, but samphng was contmued in 
order that the effects of starvation could be studied The results obtained are 
given m Table 1, and the changes in numbers of total and viable cells with 
time are shown graphically in Figs 1-3 


General ohsenations 

It is evident that the general course of the axpenments at all temperatures 
was sunilar to that of those previously conducted at 35°, in that an ‘mitial 
phase’ of varjnng growth rate was followed by a ‘steady phase’ of roughly 
constant rate of mcrease m total cell coimt But whereas in the steady phase 
of the experiments at 35° the viable count remained approximately constant, 
m the experiments now reported it increased continually and steadily m all 
cases except at 40°, m which case there was a tendency for it to declme It is 
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convenient in describing the influence of temperature on the cultures to 
consider the initial and steady phases separately, the description of the effects 
of starvation is given subsequently 

Table 1 The effect of temperature on the relatxon between numbers of total eeUs 
(T) and mable cells (F) tn Bach cob cultures mth a eonsiantfood supply 
Cultivation at pH 70 Constant rate of food supply 1 15 2 dehydrated Difeo broth/hr 

Temperature of experiment ( ) 


15 20 25 80 85* 40 

No of celli (mOlioQs/inL) 


(d»yi) 

T 

V 

T 

V 

T 

j 

T 

r 

T 

V 

T 

V 

1 

<u 

<00001 

— 



103 

17 

104 

07-0 

80 

41 

2t>4 

44 

2 

•<li 

0-0107 

816 

171 

423 

180 

844 

208 

218 

110 

— 

— 

8 

<<14 

0-038 

601 

820 

620 

875 

— 

— 

800 

104 

400 

142 

4 

2C8 

871 

625 

425 

755 

606 

704 

800 

514 

248 

400 

174 

6 

— 

— 

— 

— 

— 

— 

642 

415 

544 

250 

422 

108 

e 

1075 

484 

1222 

650 

im 

658 

003 

488 

628 

281 

477 

217 

7 

1280 

501 

— 

— 

1865 

680 

1007 

407 

658 

201 

468 

200 

8 

1725 

603 

1806 

672 

1450 

740 

1120 

525 

665 

801 

484 

220 

0 

1808 

740 

1580 

010 

1580 

778 

1100 

543 

ato 

207 




10 

1010 

807 

1680 

087 

1780 

640 

— 

— 

788 

307 

477 

180 

11 

2142 

068 

1680 

1040 

1785 

600 

1848 

002 

800 

828 

525 

186 

IS 

— 

— 

— 

— 

— 

— 

1370 

044 

804 

814 

854 

178 

18 

2522 

1116 

2100 

1180 

2120 

045 

1410 

000 

850 

81T 

687 

161 

14 

2470 

1182 

2240 

1200 

2280 

098 

16<U 

685 

870 

814 

080 

156 

16 

2000 

1250 

2360 

1254 

2480 

1088 

1540 

004 

021 

801 

027 

157 

10 

2783 

1200 

2610 

1820 

2800 

1026 

1566 

674 

005 

284 

— 


17 

tsow 

tl4T0 

2560 

1400 

2515 

1170 

— 

— 

oos 

280 

605 

186 

18 

3758 

1876 

2630 

1866 

2620 

I15T 

flTIS 

•f652 

038 

208 

722 

156 

10 

— 


— 

— 

— 

— 

1650 

505 

1010 

207 

— 

— 

20 

2740 

1845 

2380 

1400 

2810 

1800 

1588 

627 

1057 

207 

880 

166 

21 

2070 

1826 

2050 

1615 

2880 

1810 

1008 

548 

1110 

288 

817 

107 

22 

2580 

1882 

8100 

1600 

3040 

1840 

1554 

558 

1120 

277 

012 

188 

23 

2510 

1274 

— 

_ 

— 

— 

— 

— 

1168 

282 

— 

— 

24 

2550 

1852 

— 

— 

— 

— 

— 

— 

1186 

202 

— 

— 

£6 

2400 

1861 

— 

— 

. — 

— 

1470 

540 

1223 

370 

— 

— 

20 



— 

— 





— 

1445 

588 

1254 

250 

— 

— 

27 

2420 

1820 

— 

— 

— 

— 

1800 

461 

1263 

246 

— 

— 

28 

2440 



— 

— 

. — 

— 

1380 

878 

1255 

247 

— 

— 

20 

2400 



— 



— 

— 

1843 

855 

1253 

243 

— 

— 

80 

2815 

— 

— 

— 

— 

— 

— 

— 

1846 

246 

— 

— 

81 

2280 



— 

— 

— 

— 

— 

— 

1480 

258 

— 

— 

82 





— 





— 

— 

— 

1535 

260 

— 

— 

83 

— 

— 

— 

— 

— 

— 

— 

— 

1688 

255 

— 

— 


• Voioef ghTo fit 85 ore the mesas from several replkate experfaneots prcvioufly reported (see text) 
t Hie food supply was stopped Immediatdy before these coonts. 


The imttal phase 

During the initial stages of cultivation the growth rates, measured by the 
mcrease m cither total or viable populations vaned considerably with time, 
and the graphs of numbers against time arc sigmoid (see Figs 1-S) The end of 
the imhal phase was determined by inspection as the time (to the nearest day) 
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Fig 1 Growth curves for Bad coU on a constant food supply of 15 2 mg Difco broth/hr 
at 15° (full circles) and 20° (open cuxJes) at pH 7 0 Pomt at which food suppiv wai 
stopped IS marked by arrow 
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2 Growth curves for Bad coh on a constant food suppiv of 15 2 mg Difco broth /hr 
at 20° (full circles) and 30° (open circles) at pH 7-0 Pomt at which food supplj was 
stopjied IS marked b\ arrow 
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at ■which the sigmoid curve of the initial phase met the linear graph character 
istic of the steady phase. It was not always easy to fix the exact time, especially 
when the growth in the early port of the uutial phase had been rapid, because 
the curves then flattened outslovdy and theimtial phasemerged very gradually 
mto the steady phase. However, by plotting the graphs on a large scale and 



Fig 8 Growth c arv ea for Bad coil on a cooitant food ripply of 16 3 mg DIfoo broth/hr 
at 85 (foil circles) and 40* (open circles) at pH T'O 

comparing for each eipennient the curves of both total and •viable cells 
satisfactory times were obtamed The durations of the initial phases are given 
m Table 2 and it is clear that the length of this phase depended markedly on 
the temperature mcreasmg os the latter was lowered 

Table 2 The effect of temperature on the duration of the initial phase together 
mth the values of the total and viable populations at it* terminaiiont ue at 
start of steady phase 


T ■» total cotmt at ctart of vtcadv phase (mlllioiK/mL). 

I H viable count at vtart of steady phaae (mlllions/mL). 



Duration 

Population at end of Initial 

Itatk) of total 


of Initial 

phase (mflUoos/mL) 

to ^iabIe count 

Temp, 

phase 

, ^ 


at end of 

( ) 

(days) 

Total (T.) 

Viable (PJ 

tnOfal phase 

16 

8 

1700 

870 

S64 

30 

6 

1480 

880 

1 08 

S5 

7 

1410 

000 

2-04 

80 

0 

846 

445 

212 

86 

0 

605 

385 

2-09 

40 

6 

435 

305 

2-07 


9-a 
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The effect of temperature on the total cell count at the end of the mitial 
phase {Tg, Table 2) was twofold, there was the anticipated effect of the phase 
duration, because of the contmual addition of food, and also a direct effect of 
low temperature leadmg to a further increase m the count Tg is a measure of 
cell substance, and clearly more was formed relative to the phase length in 
a long phase than m a short one Smce the imtial phase was longest at the 
lower temperatures, it follows that the efBciency of conversion of food mto cell 
substance was highest at low temperatures The fact that m general the viable 
count at the end of the imtial phase (F,) vaned in the same way as Tg is shown 
by the relative constancy of their ratios to the total counts (Table 2) These 
ratios are m several cases very close to 2 0, the mean of the six separate values 
IS 2 09, with a standard deviation of + 0 274 and a eoeflBcient of variation of 

Table 8 T/ie time required to reach a total population of 800 million 
cells jml at various temperatures 


Temperature 

Time 

n 

(days) 

15 

42 

20 

1 9 

25 

1 5 

80 

1 7 

85 

2 1 

40 

1 4 


18 1 %, so it IS possible that this ratio should have had a value of 2 0 at all the 
temperatures employed However, F, at 16° was lower than at 20°, after mitial 
phases of equal length, tins is anomalous m view of the regular increase in F, 
with fallmg temperature between 40° and 20° 

The behaviour of the cultures m the initial phase varied considerably 
according to the conditions Reliable total cell counts below 200 millions/ml 
were secured in only three of the experiments, the shapes of the curves below 
this pomt are imcertain As a basis for eompanson of the development of the 
cultures during the imtial phase the time taken to reach a total cell population 
of 800 miUions/ml has therefore been arbitrarily chosen This time falls on the 
well-defined portions of the curves It has the additional advantage of cor- 
respondmg roughly to the cell density m a moderately good broth culture 
grown for about 18 hr imder ordinary conditions, thus afibrdmg a means of 
comparmg these cultures with normally grown ones The times taken to reach 
300 milhon cells/ml are given in Table 8 and, as would have been expected, 
development was slow under these conditions of restricted food supply 
Clearly, the effect of temperature was relatively slight until the lowest tempera- 
ture was reached, when there was a marked slowing in the rate of development 
to this arbitrary population level As far as can be seen, the same conelusion 
would ha\ e been reached if a much lower level of population had been chosen 
This result is in marked contrast with the influence of temperature on the rate 
of growth of the cultures m the steady phase (see below) HTien the viable 
counts are considered similar effects are seen 
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The steady phase 

As m the expenmcnts previously reported there was in the subsequent 
steady phase a tendency for the total counts to increase m a step-wise manner 
but at present it is convement to treat the data as if the rates of cell increase 
had been constant m each experiment. Also there was always a marked 
difference between the total and viable counts, but the major contrast between 
the present and former (Jordan A Jacobs, 1044) sets of experiments hes in the 
fact that at all the temperatures employed except one (at 40®) the viable 
counts instead of reraainmg approximately constant during the steady phase, 

Table 4 The effect of temperature on the relation between numbers of 
total and viable cells and time «n the steady phase 


Temp 

Equation of regrentoo of 
total cotmt oa time 

Standard 
enor of 

Equation of regressloa of 
viable count on time 

Standard 
error of 

( ) 

T-T 4-AT (1-1,)* 

AT 

r»r,+Ar(i-M* 

AF 

15 

Tt-lTOO + lOa 8 (1-8-0) 

±7-01 

Fm070 + 88-6 (1-8-0) 

±2-05 

20 

1480 + 118 0 (1-8-0) 

±880 

880 + 60-8 (1-8-0) 

±223 

25 

1410+108 0 (<-7-0) 

±117 

000 + 44 3 (1-7-0) 

±l-4« 

80 

045+ M8 (<-6-0) 

±*•41 

445 + 24-4 (1-8-0) 

±8-28 

85 

505+ 83-2 (1-6-0) 

±0-00 

285+ 4 5(1-6 0) 

±1 11 

40 

425+ 25 8(1-6-0) 

±1 82 

205- 2 8(1-5-0) 

±117 


* T atoUl count In milUoai/mL at start of ctendf phase, 

(•■tlcDC In dayi, 

t m UnM at which steady phase b<^an, 

ATvrate of Increase In ti^tal count In millloiu/mL/day 
r, ■•viable ootint In millioQi/mL at start of steady phase, 

AKavrate of Increase In viable count in mOhoos/mL/day 

showed a marked and contmuous increase. At 40 the viable counts in this 
phase showed a slight tendency to decline. Evidently at pH 7*0 a temperature 
of about 85® is rather critical for the viabihty of the cells of these cultures 
If these cultures are treated as if during the steady phase there had been 
regular daily merements m both total and viable counts, it becomes logical to 
represent these increments by the slopes of the Imcs of regrcasion of numbers 
of cella on time. The equations of these lines have been calculated by the usual 
method of least squares and are given m Table 4 m a form which makes it 
plain that the Iraes originate from the pomts which define the end of the initial 
phase or, what is the same thing the b^inning of the steady phase (see footnote 
to Table 4) The straight Imcs m Figs 1-8 correspond to these equations The 
standard errors of the slopes of these lines arc also given they are seen to be 
relatively small but it must be remembered that if the phenomenon of step- 
wise increments is real these standard errors have httle mcamng It may he 
mentioned that m the steady phase at 86 the viable coimts were only roughly 
constant (Jordan A Jacobs 1944) and o closer appronraation to the actual 
condition is given by a bdincar treatment as shown in Fig 8 There was first 
a slow mcrease followed by a slow declme. The regression equation dunng this 
declme bnjt not been given m Tabic 4 since this line does not pass through the 
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point defining the end of the initial phase, the equation therefore cannot be 
put in the same form as the others in the table Its equation is F= 851 5 — 8 28<, 
and the standard error of the regression coefficient is ± 0 44 



Tempcmturc (°) 

Fig. 4. Relation bctncen daily increment m total cells (AT) and 
viable cells (AF) and temperature at pH 7 0 

From Table 4 it is clear that temperature had a marked clTect on the rate of 
formation of viable cells The striking fact is that the lower the temperature 
the higher was the rate, and there was an almost exactly linear relationship 
betv, een temperature and rate of formation between 15° and 35° This is shown 
in Fig 4, in vhich the line dravTi is the calculated best-fitting straight line 
whose slope is — 3 69 + 0 41 As shown by this graph the rate of increase in the 
vnable count iiould ha\ e become zero at just over 30° and, if the linear relation- 
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ship had continued to hold, a further increase m temperature should have led 
to a declining viable population This was actually the case at 40® (see Table 4), 
but the rate of decrease was small and much below that anticipated from the 
Imear relationship below 85 

In these cultures the total cell counts were always much greater thAn the 
' viable counts, A high rate of increase m the viable count would naturally lead 
to a high rate of mcrease m the total coimt, and this is m foct observed 
Although low temperature favoured a high rate of increase m total the 
rate of mcrease did not reach zero at 40 where there was a decrease in viable 
cells The relationship between temperature and rate of mcrease m total cells 
(AT) wis Imear os shown m Fig 4 where the line drawn is the calculated best 
fitting straight Ime whose slope ts — 4 90 ± 0 50 This hne mdicatcs that AT 
should bo zero at a temperature of 44*2 which would thus seem to be a 
limiting temperature for growth. The best condibon for high rate of formation 
of total cells was therefore, like that for high rate of formation of viable cells 
a low temperature. 

The effects of siarvaiton 

Under the condihona of starvation which obtamed after the food supply had 
been stopped, the total and viable counts both fluctuated considerably (Figs 
1 2) The fluctuations sometimes suggested that step-wise decrements had 
occiuredt but for convemence the changes have been assumed to be Imear with 
time and the slopes of the calculated lines of regression are given m Table 5 

Table 6 The ffeet of iemperatare on the daUy changee tn the ioUtl eeUs 
(AT) and mable ceUs (AF) in starved euUures 


Temp 

AT 

AK 

( ) 

(minioas/mL/daj) 

(mllliOM/niL/day) 

16 

-.S8-2±4'8T 

-10-0±4'96 

80 

-81 6±868 

-228±8-45 


The total counts dedmed sharply at both temperatures and more rapidly at 
the lower, but in the case of the viable cdls the higher the temperature the 
faster was the dechne. There was no evidence that the viable coimts would 
have reached a constant low level of about 100 mllljon cells/mL as they did in 
the experiments at 86® cited above, but the observations were not sufQciently 
prolonged 


DISCUSSION 

In the cultures studied here so few cdls were originally present that the rate 
of food utihxation must at first have been less than that of its addition The 
critical food level, at which growt h as measured by cell division ceases to be 
dependent on its concentration (Penfold A Noms, 1912) may even have been 
exceeded. Where food concentration does not limit the growth rate the pomts 
obtamed by plottmg the loganthms of the numbers of viable cells against time 
should fall on a straight hne. At 16 this was so for n considerable time (Fig 6) 
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but at all other temperatures food was a hxmtmg factor by the first day after 
inoculation Since the cells of the inoculum were added to a fluid virtually 
devoid of nutrients there may have been an mactive penod in addition to the 
usual lag phase m which increase of cell size occurs "mthout cell division From 
Fig 5, by extrapolation backwards according to the method of Lodge & 
Hmshelwood (1948), the total lag phase at 16° is found to have been slightly 
over 1 day At aU other temperatures it must have been much less The total 
lag havmg been so short, an inactive period could not have constituted an 
important phase in these cultures A period of increase in cell size probably 



Fig 6 Relation between log viable count and tune in the initial 
phase at IS" and pH 7 0 

occurred m the early part of the initial phases of the present experiments, smce 
there was an abnormally high ratio of total to viable count at this stage The 
ratios calculated for the earliest time m each experiment at which simultaneous 
total and viable coimts were secured are given m the upper part of Table 6 in 
order of decreasmg magmtude The ratio yielded by the composite data for 
85° has not been included because, as explamed previously (Jordan & Jacobs, 
1944), the coimts given at one day (see Table 1) do not reflect the true condition 
of the individual experiments at that time In general the lower the viable 
count the higher is the ratio, not until the former reached 50-100 million 
cells/ml did the latter approach the range of 1 68-2 54 characteristic of the 
end of the initial phase (see Table 2) The individual experiments at 35° also 
support this finding Therefore, unless many cells were non-viable, the 
mdi\uduals must have been abnormally large A high ratio of total to viable 
cells persisted longer at 15° than at any other temperature (see the lower half 
of Table 6) Further, the ^^able count at the end of the initial phase at 15° was 
unexpectedly low, and these two observ'ations both indicate that at this 
temperature the so-called normal proportionality between total cells and 
turbidity may ne\ er have been attained K this were so, the recorded number 
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of total cells at the end of the initial phase at 16* most be larger than the actual 
number and the ratio TJV, too high. If the value for 15® be excluded, the five 
remaming values of TJ V, in Table 2 have a mean of 2 00 ± 0 08 Apparently 
over a wide range of temperature, about half the cells present at the end of the 
mitial phase were incapable of further division. The graphs in Figs 1-3, 
purporting to represent changes m total cell numbers with tune, ought 
strictly to be regarded as curves of changes in total <^11 substance, but it Vinw 
been found convement to retam the expression numbers of total cells 
although it is realized that at 16® the numbers referred to may be too high. 

Table 6 The earliest sxmuUaneous values of the ioial and vtable cownls tn the 
initial phase of each experiment^ and the total and viable counts at the 
earliest comparable time tn aU experiments mih thevr ratios 

Ratio of total 


Temp 

'Hme 

Total coimt 

Viable count 

to viable 

( ) 

(days) 

(mOIIona/mL) 

(mlUioca/mL) 

count 


1 

ICS 

17 

0-0 

IS 

4 

208 

87 

73 

40 

1 

264 

44 

8-9 

20 

3 

816 

171 

1 6 

80 

1 

164 

68 

1'7 

16 

4 

208 

87 

73 

30 

4 

S25 

435 

I 6 

35 

4 

T65 

600 

1 5 

80 

4 

764 

880 

32 

85 

4 

514 

348 

SI 

40 

4 

409 

174 

2-4 


The view has already been put forward (Jordan Jacobs, 1944) that at the 
end of the mitiol phase the cultures became stabilized in the sense that any 
food which may have accumulated m the early stages had been used up so that 
further additions were consumed as fast as they were supplied a condition 
which resulted m the so-called steady phase Under these conditions the 
numbers of both total and viable cells appeared to show a distinct tendency to 
increase m a step-wise manner (see Figs 1-8) Other workers have recorded 
that m the logarithmic phase of cndinary cultures growth may proceed in 
waves (Wilson Miles 1946) At present a convenient and satisfactory 
approximation is to treat these cultures as if there had been regular daily 
increments m numbers during this phase. The merements (AT and AFfor the 
total and viable counts respectively) are measures of the rates of growth of the 
cultures as a whole and do not reflect the division rates of the individual cells. 
Evidently the numbers of total and viable cells formed from a fixed amount of 
food remained approximately constant irrespective of the age of the culture, 
ne. of the number of cells composing it. Bail (1929) suggested that for an> 
given culture and conditions of growth there is a maximum population which 
fan be supported The experiments reported here are m agreement with this 
view m BO far as the numbers of viable cdls arc concerned but only provided 
that the temperature of meubation is not too far removed from that ordinarily 
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considered to be the optimum for the organism employed (in this case 87°). If 
the total amount of cell substance is regarded as the ‘population’ m these 
cultures, then there appears to be no mdication, at any of the temperatures 
used, of the existence of Bad’s maximum population 

Changes m temperature markedly affected AT, which was highest when the 
temperature was lowest and, as there was a constant food supply, it is evident 
that the efficiency of conversion of the food mto cell substance mcreased with 
decreasing temperature Tlus appears at first sight to be urreconcdable with the 
usual conception of the optimum temperature for growth ' But the latter is 
normally obtamed from cultures growmg m the presence of a large excess of food 
and really represents the temperature at which the mean generation time of the 
cells IS minimal, no account bemg taken of the efficiency of the process It is 
indicated below that, with decreasing temperature, the amount of food wasted 
by the cells in reactions not leading to synthesis of cell substance dechned 
With a Imuted food supply this must have led to an mcrease in the overall 
efficiency The relative amounts of different enzymes m the cells may have 
varied with the growth temperature (Gale, 1940), and this would have far- 
reachmg effects In the mitial phase, however, variation of temperature withm 
wide hmits did not affect the rate of development of the cultures to an arbitrary 
population level, and the two measures of the growth of the cultures are 
therefore not comparable As shown above, it can be deduced that 44 2° is 
a limiting value above which, in these particular conditions, no growth would 
have occurred It is of course true that the type I Bad coh used m this work 
will grow rapidly at 44° m other nutntional conditions, it is Eijkman-positive 
and grows and forms gas from lactose at that temperature in MacConkey’s 
broth 

The magnitude of AF was also very dependent on the temperature, bemg 
greatest when the latter was low High levels of AF would naturally tend 
towards large values of AT, and, m fact, there was a strong tendency m that 
direction as can be seen from Table 4 Table 7, however, shows that AF 
became larger relative to AT as the temperature decreased The ratio of A F to 
AT IS a measiue of the extent to which tlie cells formed retamed their viability, 
but it is not the best measiue of this property, since it was not true that no 
growth occurred in the cultures m wluch A F was zero A better measure is 
the non-viabdity index {nvt) which has been defined (Jordan & Jacobs, 1944) 
as the proportion of the ceUs formed m a generation which is non-viable, this 
can be calculated m the following manner The true generation time at any 
moment m this phase is the tune rcquued for a number of viable cells ( F) to 
form Fadditional cells Some of these were viable and others not, but they all 
contributed to the increase in total cells and required for their formation F/AT 
da\s The increase in \nable cells vas therefore FA F/AT, and the actual 
number of \nable cells at the end of this time vas thus F(H- AF/AT) If all 
the cells formed had been \nable, the expected number of viable cells should 
have been 2F, and the \alue of the 7ivt is therefore ^(1 — AF/AT) These 
aalues arc giacn in Table 7 and show tliat retention of anabiht)’’ was greatest 
at tlie lower temperatures, the index increasing sharply above 30° The value 
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at 15® maj m reality have been even lower than appears from Table 7 Smce 
at this temperature the individual cells were apparently larger than normal, 
the recorded value of AT must be greater than it actually was. Clearly m t.hn 
steady phase the food available per cell did not affect the net smce the latter 
was constant while the former diminished with time, and the cultures with the 
densest populations and therefore the lower food supply per cell, had the 
lowest indices Temperature was thus the important factor controlling the n.r » 
In connexion with the favourable effect of the lower temperatures on viability 
as well as on the rate of formation of cell substance, it may be recalled that 
Thompson (1942) pointed out that there is a wealth of microbial life in cold 
seas compared with that found m tropic waters 

Table 7 The effect of temperalure on the raito bettceen the daily increments tn 
■Dxahle and total cells (AF/AT), and on the non mabiliiy index (n.i> i ) during 
the steady phase 


Temp 
( ) 

Ar/AT 

n^i 

IS 

0-01 

0 104 

20 

0-43 

0 287 

25 

O^tl 

0-297 

SO 

080 

0-818 

30 

014 

0-484 

40 

-OKW 

0-040 


Further experimentation would seem to be desirable Jo establish firmly 
whether or no there is os the data suggest, a temperature zont above 85 
withm which A V remains approximately constant at about zero If it exists, its 
range must be limited as above a certam pomt thermal death would occur 
indeed non viabihty may perhaps be regarded as thermal death occurring at 
a temperature at which growdh of cell substance is also possible. The upper 
limit of the zone might be 44® the temperature indicated above as the maxiraum 
for g r owt h under these expenmental conditions It is noteworthy that the 
results of experiments on the thermal disinfection of sunilar cultures of Bad 
coh are in agreement with 44 as the minimum temperature at which heat 
disinfection could occur (Jordon Jacobs Danes 1947) 

The method of calculatmg the amounts of food used at 85® m the construction 
of a new bacterial cell and In its mamtenance, employed prenoualy (Jordan A. 
Jacobs 1944) cannot be applied at other temperatures as it depended on the 
constancy of the viable count m the steady phase, and this condition was not 
fulfilled There appears to be no ready method of assessing the food used for 
these purposes It may be that the amount of food used to form a new cell is 
substantially the same at all temperatures If however m any conditions the 
use of the figure of 1-088 x lO"* mg dchj drated Difco broth per cell as calculated 
for 85 (Jordan A Jacobs, 1944) should lead to an estimate of the food used for 
new cell formation m excess of the amount actually supplied m any interval 
this would indicate that a change m cellular composition or mctobolic reactions 
had occurred Using this figure at the largest observed value of AT only 
214 8 rag of food for cell production was required dailj whereat the amount 
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added was 864 8 mg But the amount of 150 0 mg apparently available on 
this basis for mamtenance and wastage would have been quite madequate if 
the viable cells present were aU usmg food for the latter purposes at the rate 
of 0 456 X 10~® mg /cell/day calculated for 35°, and the requirement at 15° must 
have been considerably smaller than this 
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A Preliminary Study of the Formation, Assay and 
Stability of Tyrothrlcin 

Bv J C APPLEBY. E KNOWLES J PEAHSON and T WHITE 
The Hesearch Laboratoriet John Wyeth and Bro Lid. London 

SUMMARY Strain aelectlon and the addition of yeast ertract to the medhnn have 
enabled high yields of tyrothrldn to be produced from the culture fluids of BaeUtus 
frrens Contrary to the accepted view this organtim does ferment carbohydrates with 
the production of add and a description of the charactera of the organlW la given 
A method of assaying tyrothridn has been developed and used to investigate the 
stability of aqueous solutions of the materiah lyrothndn produced in aerated 
submo^ed culture appears to be more stable In solution than that produced by 
surface culture 

The occurrence of the antibactenal agent tjTrothncin m the culture fluids of 
an aerobic spore-forming bacillus was first recorded by Dubos (1989 a^b c) 
A senes of further publications (Dubos 19-10 1041 Dubos A Cattaneo 1989 
Duboa A. Hotchkiss 1941 1942 Dubos Hotchkiss A Coburn 1942 Hotchkiss, 
1041 Hotchkiss L Dubos lOiOu, h» e 1041} showed that the mntenal was of 
value as a chemotherapeutic agent and consisted of two dearly defined 
components — gramicidin and tyroadme — both polypeptide in nature* These 
authors discussed the production of the antibiotic m surface culture described 
its isolation and punflcation and identified as BactUus brems the organism 
responsible for tyrothridn formation 

Generally the bacillus was grown on shallow layers of culture media 
containing casern hydrolysate, peptone or Trj'ptone yields of tyrothnem up 
to 06 g /L culture fluid were obtomed Optimum yields were given by a strain 
(B G ) gro wn on Trj’ptone medio. A related product, gramicidin S was 
reported by Cause A Brahznikova (1944) as being produced in surface culture 
by another organism of the B hrevxs type. Numerous other mvestigations 
dealing with the chemistry and dmical applicabons of these materials were 
reviewed by Hotchkiss (1944) Of these later publications two onl\ were 
concerned with the conditions of formation of tyrothridn by B brevtt Lewis 
Dimick & Fcustel (1945) studied the formation of tyrothnein m surface culture, 
particularly m media based on vegetable wraste, while Stokes A Woodward 
(1948) reported on the production of tyrothnem imdcr conditions of aerated 
submerged culture From these and the precedmg papers it is dear that under 
conditions of surface culture B brans grows weU and produces tyrothriem 
readily m media containing complex mtrogenous nutnents of the peptone, 
Tryptone and vegetable waste type The substitution of simple nitrogen 
sources such as inorganic ammomum salts resulted in sparse growth and poor 
yidds of tyrothnem 

In aerated submerged culture the organism grew well in the presence of 
complex nitrogen sources but normally failed to produce tyrothndn Stokes 
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& Woodward (1948) succeeded, however, in developing a synthetic medium 
containmg glucose, morgamc salts, and an ammo-acid as a mtrogen source, 
which not only supported growth of B brevis but permitted production of 
tyrothricm m aerated submerged culture Certam amino-acids were unsuitable 
for this purpose, and mixtures of ammo-acids inhibited tyrothricm formation 
although they permitted it m surface culture In general, with suitable single 
ammo-acids, yields of tjnothncm of the order of 0 1-0 3 g /I culture medium 
were obtamed at an aeration rate of 1 5 1 au/1 medmm/mm It was clear from 
these results that the metabohsm of the orgamsm could follow different paths 
m surface and m aerated submerged eulture 

In view of the chnical importance of tjnothncm and the availability of 
appropriate eqmpment it was decided to mvestigate further the possibihty of 
producmg the antibiotic by the submerged culture technique The results 
obtamed are dealt with m the succeeding communication (Appleby, Knowles, 
McAllister, Pearson & ^Yhite, 1947) Initially, usmg the Dubos B G stram, 
a brief surve)’^ was made of the production of tyrothricm m surface culture and, 
as an aid to further work, a rapid method of assay was developed This method 
was used to mvestigate the stabdity of tyrothricm solutions as prepared for 
chnical use The present commumcation descnbes the results of this work. 


EXPERDIENTAL 
Characters of the organism 

The organism used m this work, the Dubos B G stram of B brevis brought 
back from the U S A by one of us (T W ), does not agree m character with the 
incomplete descnption of B brevis recorded by Bergey el al (1939), nor with 
the accounts of this species recorded m previous literature The most notable 
discrepancy is m carbohydrate fermentation, as, although B brevis is generally 
considered to be inert m this respect, we have found that our stram, and strains 
from the National Collection of Tjq>e Cultures, are capable of fermenting a wide 
range of carbohydrates We accordingly include a description of the characters 
of this species as we ha% e found them Unless otherwise stated, cultures were 
grown on Difco nutrient agar 

Morphology Gram-negati\ e motile rod, 0 5x2 5-5 p. , sporulating readily Spores 
oval, subterminal, and considerably inder than the vegetative cell A notable feature 
of cultures is the large number of free spores which stain Gram-positive and present 
a swollen and granular appearance These are evudently not restmg forms and may 
give a nrusleadmg impression of a mixed culture They have not been seen in cultures 
of other strams of B brevis The organism is capable of extreme pleomoxplusm in 
aerated s\Tithetic media 

Plate colonies At 24 hr these are about 1 mm diameter, round, convex, smooth 
and shming After 48 hr the surface becomes dner and finely granular, and the 
margin irregular From 3 dav s onwards there are two distinct zones (a) an internal 
zone of 1-2 mm diameter which is raised, drj', fineh granular and surrounded by 
(b) a flatter, smooth, moist area of growth, sometimes concentrically rmged, the 
margin deeply lobed or crenated No stable colomes ivith a smooth surface have been 
obtamed and' colonial tv-pes have remamed very constant dunng 18 months Four 
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•tmlnfl from the National Collection of Type CiUtures ihcrwed a series of gradatlona 
between colony forms Identical with those of oor strains and a completely smooth 
colony 

Qnmth TcqairemenlM AH strains tested arc obligate aerobes with a tempemtare 
optimum of QT* and a wide range for growth 

Pigmenlaiion Cultures are not normally pigmented but may develop a plnL 
pigment on some media containing vitamins of the B group 

Blochemicxd charadeTt The organisms produce acid without gas from glucose 
fructose galactose, sucroee lactose, maltose, z 3 rlose, mannitol, arablnose sorbitol 
salldn and glycogen. HaiQnose, inositol adonitol aesculin and starch ore not 
fermented One strain (N C T C, no 2011) In on nnstable smooth colony phase 
failed to ferment xylose, mannitol, sorbitol or glycogen Catalase + Indole — 
H^+ nitrate reduction + gelatin liquefaction saccate becoming stratiform Litmus 
milk sweet curdling and peptonhatloo the latter complete after about 7 days at 87® 

The basal medium for determination of the sugar reactions consisted of 0 fl % (w/v) 
proteose peptone with 0 5 % (w/\ ) NaCl In tap water at pH 7 8 It was found that, 
from several peptones ImTatigHtcd including Difeo nutnent broth the organism 
was able to pr^uce small omoimts of acid without the addition of any carbohydrate. 
In a 0 6 % solution of the proteose-peptone finally used the pH decreased by not 
more than Q-8 unit after 3 daj's Incubation when inoculated from a carbohydrate- 
free medium The sugar broths were accordingly made sulBclently alkaline to 
compensate for this. In some cases the pH was determined cleotrometzically after 
inoculation and incubation to confirm odd production Carbohydrate solutions were 
stetllteed by Scita filtration (except aesculin stetlUxed at 100 for 25 min- starch and 
glycogen, sterilized at 110 for 10 mte ) and added asepUcaUy to the basal broth to 
give a final concentration of about 1 % (w/v) Inoculations were made from 24 hr 
pqrtone water cultures. 

It IS known that B brtvu is actively proteolytic. It is conceivable therefore 
that previous failure to demonstrate saccbarolysis may have been due to the 
simultaneous production of alkahne substances and it would appear that the 
nitrogen source initial pH and sensitmty of the indicator may all be factors 
of importance m this respect. That glucose is m fact utilised has been shown 
by chemical analysis of cultures (Appleby H al 1947) 

Matnfenance of cuUures 

It was found possible, by colony selection, to obtain strains varying markedly 
m the amount of tyrothnem they produced, either in surface or submerged 
culture, but with no other distinguishing feature. Thus of six strams A-F 
strain C when first isolated produced twice the amount produced by strain A 
strain F was still more efficient and has remained the most satisfactory while 
strain D at first produced comparatively httle tyrothriem and none at oil after 
18 months In order to mamtain the activity of strains, bimonthly transfers 
were made on nutrient agar (1 %(w/t) peptone, 0 6% (w/v) NaCH) after 
incubation for 8 days the cultures were kept at 4 

Tyroihnctnfrom iurface cultures 

Surface cultures were grown for 3 days in flat bottles each containing 100 ml 
broth (1% (w/v) peptone, 0 5% (w/v) NnCl with or without the addition of 
0*8% (w/v) yeast extract (Difco) at pH 6 6) For the inoculum the whole of 
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the growth of a 3-day slope culture, suspended m saline, was subcultured m 
100 ml broth contained in a 250 ml Erlenmeyer flask After 2 days’ incu- 
bation 1 ml was used as the moculum for each bottle These were mcubated 
horizontally to give the maximum surface area with a depth of about 1 cm 

Tyrothncm was isolated m each experunent by pooling the contents of a hatch of 
bottles, acidifying to pH 4 1, and centnfugmg off the bacterial cells after standing 
at room temperature for 24 hr The separated cells were then extracted for 24 hr at 
room temperature with 95 % ethanol (50 ml /I ongmal culture flmd), the ethanohc 
extract clarified by centnfugmg and then poured mto 10 vol 1 % (w/v) hlaCl solution 
The precipitated tyrothncm was centrifuged off after standmg for 24 hr , dned 
in vacuo over PjOj, and the dned powder defatted with dry ether (8 ml /g crude 
product) at 0° This normally removed some 15 % of the weight of the crude product 
as fatty matenal The ether was filtered off and the purified tyrothncm washed with 
the minimum of dry ether at 0° and agam dned out in vacuo Ihe product had a hght 
colour and gave brown solutions m ethanol The addition of traces of glycerol to the 
ethanol markedly aided solution of the matenal 

In general, the results obtained conformed with those reported by earher 
workers In media containing only peptone and NaCl, average strains of 
B hrevis produced c 0 25 g tjrrothricm/l culture fluid when grown for 72 hr 
at 37° We were able, however, to mcrease this yield appreciably by isolating 
strains from the parent B G culture as mentioned above, and by using media 
contammg 0 8% Difco yeast extract in addition to the peptone, under these 
conditions one of the strams (F) gave 0 8 g /I m 72 hr Generally the isolated 
strams appeared each to mamtam a characteristic level of tyrotliricin yield 
m a given medium, and in later experiments stram F was foimd to be parti- 
cularly good m submerged culture also The stimulating influence of yeast 
extract on tyrothncm was, of course, not unexpected, but it does not appear to 
have been recorded previously, and from the work reported later it appears to 
be due mainty to the presence of biotin in the extract This is in agreement with 
Landy, Dicken, Bicking & IMitchell (1942), who observed that biotin stimulated 
the grovrth of B brevis 


Method of assay 

The above experiments provided sufficient matenal to permit the develop- 
ment of a method of assaying tjuothncm Tishler, Stokes, Trenner & Conn 
(1941) estimated the separated gramicidin and tyrocidme components by 
determming the quantities of each required to destroy 50% of the cells of 
a Micrococcus m 2 hr under standard conditions, the number of sumving cells 
being determined bj' plating Stokes & Woodiiard (1943) used a modified form 
of this method Dimick (1943) assayed tyrothricm solutions by estimating 
photoclectncalli the degree of haemolysis of rat erjdhrocyte suspensions under 
controlled conditions It was felt desirable, however, to develop a method 
which was rapid and based bn the antibacterial activity’ of tj'Tothncin rather 
than on some other property, which could be used without adopting a rigid 
aseptic technique, and which could be applied for following the course of 
submerged culture fermentations These criteria were ultimately realized 
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In general solutions forossaj ^vore made up b> dissolving 1 g tyrotliridn In 40 mL 
05 % etlmnol and diluting ^rith sterile distilled water to a concentration of 25 ^ /ml 
In tlic case of culture fluids, 50 ml samples were acidified to pll 4-1 In centrifuge 
tubes the cells centrifuged down after 2 hr and after rcracrvid of the supernatant, 
triturated with 5 ml 05 % ethanoU The suspensions ^ve^e kept at room tempemture 
for 30 rain recentrifuged and 1 ml aliquots of the clear etJianoUc supernatants 
added to 50 ml sferfle dlstflled crater to give the preliminary dilutions for assay 

The test organism was a member of the Slrrptococciis ladu group supplied 
b} Prof Rflistrick for diplocoecin production After a few weeks m the 
laboratory this strain grew well at 3T* It was markedly inhibited by tyro- 
thnem and the latter was con^enlently esbraated by ite suppression of acid 
production from glucose by the above organism. 

The medium used for assa> purposes was a papain digest of ox heart, diluted to 
contain 0 5% oxidliablc matter with 1 % (w/V) glucose and sufflclent bromcresol 
purple to give a distinct colour at pH 7-0 Stock cultures of the test organism in 
chalk litmus milk were kept at 4 and subcultured at fortnightly Intervals From 
these further culturrs were prepared in litmus milk incubated at 28“ until growth 
was shown by redaction of litmus with Uttie or no acid production (approx. 16 hr ) 
and used Immediately Wth the culture thus In the early logarithmic growth phase, 
3 ml added to 40 mt heart broth served as the inoculum for assays. 

Into each of a series of test tubes (8 x | In.) were deUvered in this order (o) a known 
amount of tyrothricln solution (6) indent sterile distilled water to bring the volume 
to 1 0 ml (c) IK) mi Inoculat^ broth This was easily aocompUshed by using 
tpedolly designed dropping burettes each calibrated to deliver 25 drops/ral of a 
j^rtlcular fluid. After rabdng the tubes were irameraed in racks In a thermo* 
staticaDy controfled water bath at ST“ If as was generally arranged in practice, 
the difference between the tyrothricln content of two successive tubes of a scries 
was one drop of a eolation containing c 25 /xg /mL tyrothricln the strength of an 
unknown solution (by comparison wltli a standard solution) could be estimated 
to wftliin 0 5^ /ml Two control tubes containing (o) no tyrotliridn, (6) 25 ^ 
tyrothricln were included in each set. 

The end point was taken as the first tube in which the purple colour remained 
after Incubation at ST® for 4 hr the readings being made at the time when the 
control scries first gave clear*cut results. This did not Indicate complete bacteriostasis 
but provided a means of assessing the bacteriostatic value of an unknown solution 
by comparison with one of known strength. Incubation below 87® or at a temperature 
not sulDdently uniform or failure to incubate the assav tubes Immediately after 
mbdng the Inoculum with the tyrothricln tended to result In Intermediate colour 
changes the end point under these condHIons was Jess cJcar-cut. adhering rigidly 
to a standardised technique it was found that assay results by this method were 
surprisingly constant for a solution of known streng^ not onlj o\’er a long period 
but also with different •workers. Differences in the treatment of the test culture did 
cause some ■variation In assay values, so a control of standard strength was always 
Included Using the above technique Inlilbitlon of acid production was usualJj 
caused by 7*0 fig tyrothricln per tube. 

In some cases It was not possible to prepare an extract of t>Tothricln from 
a B brevit culture but was necessary to estimate the approximate anwunt of anil 
biotic In the culture fluid Itself The sample of culture was then centrifhged to 
remo\T the majority of the cells and the supernatant Itself assayed as abov’e but 
using a medium containing cysteine hydrochloride The presence of 0-1 % (w/v) of 
this substance usuallv prevented growth of B hreviM under tlie test conditions 
(espedflllj if the surface of the cuhupe was sealed with sterile liquid paraflln) and 
0-5 % Inhibited B brtma completely but had no adverse effect on the test organism 
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Stability of tyrothncin solutions 

Certain early publications give the impression that tyrothricm solutions 
gradually lose antibacterial activity through temperature inactivation and, in 
consequence, it is generally advised that for clmical application freshly 
prepared solutions should be used Dubos & Hotchkiss (1942) showed, how- 
ever, that although aqueous tyrothncm solutions lost activity on heatmg or 
long standmg, this was not a true mactivation but was due to colloidal 
aggregation followed by precipitation of the antibiotic The full activity could 
be restored by redissolvmg the precipitated material in ethanol and resus- 
pendmg m colloidal form by adding this extract to appropnate quantities of 
distiUed water 

Table 1 Percentage loss of antibacterial activity of suiface-cuUure 
tyrothncin solutions upon heating 

Concentration Temperature % loss of activity after heating for 


of solution 

of heating 

< 

A 


(t^M) 

n 

10 min 

60 min 

24 hr 

25 

87 

12 6 

22 8 

80 8 


50 

12 6 

80 0 

68 2 

500 

37 

12 5 

22 8 

41 7 


60 

12 6 

80 0 

70 7 

6000 

37 

22 3 

80 0 

08 2 


50 

41 7 

76 0 

82 5 


Since a tendency to loss of activity is clearly of importance m clinical 
treatment and the way in which the material is used, some investigation of this 
matter was earned out by comparmg the surface-culture material already 
discussed with material produced by submerged culture (Appleby et al 1947) 
Aqueous solutions of both types of products from surface and submerged 
cultures at 25 pg /ml were prepared by appropriate dilution of solutions 
(1 25 g tyrothncin/lOO ml ethanol), and maintained in sealed Pyrex tubes at 
room temperature for several months with periodic readings of turbidit) 

A clear distinction emerged in that the mitial turbidities (Spekker, 1 cm cell) 
were ‘surface’ material, 0 18G, ‘submerged’ material, 0 054, indicating 
presumably a smaller particle size or greater water solubility of the ‘ submerged ’ 
product since no difference was found in the gramicidin/tjTocidme ratio for 
the two products It vas also found that the initial assay figure for the 
‘submerged ’ product was some 10% higher than that of the ‘surface’ product 
On storage, the surface-produced material show ed a gradual colloidal aggrega- 
tion and increased turbidity leading to complete precipitation in less than 
8 months The submerged-culture material, houever, showed no sign of 
precipitation over a penod of 6 months, the turbidity during this period 
increasing to 0 091, which was still well below the initial value for the ‘surface’ 
material In accord with this it was found, by assaying an aqueous solution 
(25 /ig ,nil ) of submerged-culture tj-rothricm at intervals for G months, that 
solutions prepared as for clinical use showed no detectable loss of antibacterial 
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activity If ranintalncd at 4* This is clearly a fact of practical value and indicates 
some difference between the ‘surface and the ‘submeijfcd products 

Some investigation was also earned out of the effect of heat on the inacti 
vationofaqueoustjTOthricin solutions of concentration 25 500 and 6000/ig /ml 
Such solutions were maintained at 87^* and 50® up to 24 hr and assayed at 
inters als for bacteriostatic activity imheated controls were mcluded in each 
case The latter showed no detectable inactivation at room temperature during 
the period of test The results of the hi^ier temperature experiments presented 
in Table 1 for the surface* matenal show that the extent of inactivation by 
heat increases both with the time of heating and with increasmg concentration 
of tyrothricin Similar results were obtained with submerged culture tyro- 
thncln, such differences as existed suggesting if anything that the latter 
material was the more stable. The distinction however was not pronoimced 
and was certainly not as clear as the findings m the other stabihty tests 

The authors wish to express their gratitude to Mr A. J C. Gormley Managing 
Director of John W^*eth Sc Bro Ltd. for permission to publish the above information. 
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The Production of Tyrothricln by Submerged Culture 
of Bacillus brevis In Synthetic Media 

By J a APPLEBY, E KNOWLES IL C A. McALLISTER, 

J PEABSONandT white 

The Research Laboraiories John Wyeth and Bro Ltd London 

SUMMARY Synthetic media coDtaining ammonhun succinate as the sole source 
of nitrofien permit BaeiUiis brevis to grow and form tyrothricln in aerated sub- 
merged culture The yield of the antibiotic is almost doubled bj odding a complex 
of B vitamins to the medium the effect being due spedflcally to the presence of 
blotiru 

Urea can be used as an alternative but less satisfactory source of nltrogeni but 
ammonium succinate caimot be replaced by ammonium s^ts of a number of other 
organic acids. The process can be operated successfully on a large scale. 

Normally B brevis will grow, but will not produce tyrothricln in submerged 
culture In the p re se nce of complex nitrogen sources An exception to thi< Kak been 
observed, but metabolic Inve^gatioos show distinot differences In the behaviour 
of the organism (in submerged culture) in syntiietlo and in peptone media. 

An outline of previous ivork on the submerged-culture formation of tyrothncin 
has been given m the preceding paper (Appleby Knowles Pearson & White 
1047) It was then decided to aim at developing a synthetic medium containing 
ingredients which would provide Bactilus ^evis with nitrogen sources capable 
of supporting the production of t>TOthncm m submerged culhire, and which 
would be available m such quantity and at such cost as would permit of the 
use of the method on a large scale This aim was realized 


EXPERIMENTAL 

Methods 

In all experiments 0 1 of medium was made up In a 10 I aspirator the lower outlet 
of which was fitted with a rubber stopper carrj’lng a thermometer a sampling tube 
with external cotton wool cover and a glass aeration tube extending horizontally 
Into the aspirator about 1 In. above the bottom and terminating In a number of 
fine jets This tube was connected to a corapTcased air line via a cotton wool packed 
section for air flltmtion and a Rotameter for measuring the olr flow The aspirator 
outlet was closed by a rubber stopper carrydog a short vertical J in bore glass tube 
covered with a wired-on external cotton wool plug This tube served for adding 
' the inoculum for periodic addition of anti foam (sterilized 2 % ( w/\ ) steary 1 alcohol 
in lard oil) and as an otr outlet. The medium was adjust^ to the required pH 
(usually 0 5) before sterilizing and the whole assembly steam-sterilized at 12lb /sq In. 
pressure for 30 min After cooling the pH and the medium coiliUtucnts were checked 
and the asphutOT inoculated In a sterile area (Grenfell Leggc & White 1047) 
Each aspirator Inoculated with 10 raL from a 3-daj peptone jiirast extract broth 
culture of B brevis and was then placed In an Incubation room at 37* and connected 
to the compressed air line Air was supplied at 20 lb pressure ond controlled at a rate 
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of 1 1 free air/1 medium/mm , the resultant agitation making stimng unnecessary 
Samples -were taken at intervals by temovmg the external cotton-wool plug of the 
sampling tube, flammg the end of the latter, and then sdloivmg the requisite volume 
of culture flmd to run out mto a sterde samplmg flask, the first 20 ml sample being 
discarded Analyses were earned out for pH, glucose, ammoma, turbidity and 
tyrothnem content The last named was detenmned by the assay method of Appleby 
el al (1947), by direct isolation of lyrothncm, or by both methods The pH was 
detenmned electrometncally, turbidity with a ‘Spekker’ photoelectnc absorptio- 
meter (1 cm cell), ammoma by micro-Kjeldahl, and glucose by the method of 
Schaffer & Hartman (1920) Turbidity, glucose and pH detemunations were earned 
out directly on portions of the sample , ammoma determinations ivere made with 
samples of clear supernatant after centnfugmg off the bactenal cells Tyrothnem 
isolations were made by the method desenbed by Appleby el al (1947) 

Preliminary expenmenis 

Submerged-culture experiments were earned out with our strain F of the 
Dubos B G strain of B brevis using initially the following media (a) that used 
previously for surface culture — i e peptone 10 g , yeast extract 8 g , NaCl 5 g , 
water to 1 1 , pH 7 0, (li) that of Stokes & Woodward (1948) with glutamic acid 
as the nitrogen source — i e glutamic acid 5 g , glucose 10 g , inorganic salts 
(see below), water to 1 I , pH 6 4, (c) as (6) with glutamic acid substituted by 
asparagine (2 5 g /I ), (d) as (b) with the addition of Difco yeast extract 
(3 g /I ) In conformity with the results of Stokes & Woodward (1948) good 
growth occurred, but no tyrothnem was formed in medium (a) At a later date, 
however, our strain F did develop the capacity of producing tyrothnem in 
peptone media m submerged culture, and this point will be discussed later 
The glutamic acid medium {b) gave a tyrothnem yield of 0 80 g /I culture, 
while the asparagine medium (c) gave 0 21 g /I In medium (d) growth of the 
organism was obviously much greater than m medium (b), but the presence of 
the yeast extract completely inhibited the formation of tyrothncin 

Ammonium salts of organic acids as sources of nitrogen 

Attempts were next made to produce tyrothnem by aerated submerged 
growth of B brevis m media contammg ammonium salts of organic acids as the 
only sources of nitrogen, glucose being used as the primary carbon source with 
the usual inorganic salts also present Attention was focused on ammonium 
succinate, citrate, tartrate, lactate and carbamate, each being used separately 
at a level of 5 g /I in a medium containing also (g /I ) glucose 10, K.HPO^ 0 5, 
KHjPO, 0 5, JIgS 04 , 7 H „0 0 2, NaCI 0 01 , FeS 04 , 7 H ,0 0 01 , CaCh 0 25 

Each aspirator was run at 37° with equal \olume aeration for at least 150 hr 
The ammonium lactate and carbamate media failed to support grow th of the 
organism Sparse growth occurred m the ammonium tartrate medium, but no 
UTotliricin could be isolated nor could any antibacterial actn ity be demon- 
strateil m the culture fluid Both the ammonium citrate and succinate media 
permitted good growth, and the anah-tical data showed appropriate utilization 
of nutrients ith the former salt no antibacterial actn itj dc\ eloped nor could 
an\ tixotliricin be isolated The ammonium succinate medium, on the other 
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hand showed a progressively increasing antibacterial effect and ga\e a final 
yield of tyrothncin of 0 5 g /I culture Repetitions of these expcnments have 
consistently given identical results except that occasionally the tyrothncin 
yield from the ammomum succinate medium fell to 0 8 g /I 



Figs. l-S MetaboUsm of B brwU In •ynthetlo media with the rtated nitrogen •ource*. 

Glucose utlllxation (%) -O O- ammonia utfllxation (%), © © pH 

-# #- turbidity (Spekicer unha — 1 cm cell) -® tymt hiictn content 

(g /] ) • • Rnal tyrothrldn yield as stated. 

It 19 not clear why of the range of salts tested, ammomum succinate alone 
should be specific for tyrothncin production nor why it should permit of 
higher yields than are obtained with amino acids as nitrogen sources In 
Figs 1-8 the course of the fermentations m glutamic acid ammomum citrate 
and ammomum succinate media is shown diagrammatically Ammoma values 
are not given for glutamic acid smee the free ammonia content remained 
remarkably low and constant throughout the fermentation indicatmg either 
on absence of deamination or immediate and complete utiliiation of the 
ammoma liberated by deamination 

The behaviour of the organism m the glutamic acid medium conforms with 
that outimed by Stokes A, Woodward (1048) The ammonium citrate and 
ammomum succinate media give virtually identical metabolic pictures except 
that tyrothncin was produced only m the sucemate medium In both cases 
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an initial me of pH ■was followed by a marked drop with a final nse usually to at 
least pH 8 5 Dupbcate experiments rardy gi-v e identical curves, the degree of 
nse and fall of pH and the time at which the changes occur •varying somewhat 
but the general form of the changes •was always as desenbed In the ammomum 
succinate medium •vanation of the mitiol pH between 6 8 and 7 5 had no eJTect 
on the final yield of tyrothncin, on the rate of use of nutrients or on the rate of 
growth of the organism The only feature cnllmg for comment is that the higher 
the imtial pH the less marked wa« the first nse, and this perhaps ■would be 
expected. 

The glucose utihiation curves generally show a bnef initial lag ■which, owing 
to loss of water by evaporation, may show up as an initial mcrease of the sugar 
concentration Thereafter, utilisation is rapid and almost complete by 120 ^ 
but the curve then flattens ■with some 5-10% of the mltial sugar r ema inin g 
unused. The phase of rapid glucose utihxation is generally coincident ■with the 
fall of pH and from several expenments with ammonium succinate, it 
appears that this pH fall more extreme m runs sbo-wing the most rapid 
giucose metabobara The final pH nse generally begins when carbohydrate 
decomposition is approaching complebon suggesting that acid accumulates 
during the active growth phase 

Ammonia utilisation In the case of the ammomum citrate medium, appears 
to follow that of glucose very closely In the ammonium succinate medium 
however two distmct types of ammonui. metabolism occur (i) ammonia 
disappearance parallels that of glucose throughout (ii) after about half the 
ammonia has been used (80 hr ), the ammoma concentTation rises agam 
(Fig 8) this type is the more frequent. Such difTerences arc found even lu 
simultaneous repheate experiments and do not appear to be correlated with 
special changes of pH, glucose metabolism or growth rate the yield of 
tyrothncin is not affected It was noted that, m most experiments, type (i) 
was accompanied by pioor sporing while m type (ii) sponng began early and 
became almdst complete. However thui was not always the case so it is not 
possible to conclude that the secondary formation of ammoma is the result of 
autolysis 

The turbidity data for both citrate and succinate media show on imtial lag 
phase lasting for some 40 hr followed by a similar period of rapid growth 
after 80 hr turbidity remains unchanged or falls shgbtly In general maximum 
turbiditj coincides ■with the beginning of sponilation and occurs well before 
the vanous nutnents arc exhausted. 

The rate of tyrothnem formabon in ammomum eucemate media is also 
shown m Fig 8 The final yield is not improved by further incubation 

Effect of addition of vitamin B-complex 

It ■was shown by Applebj rt af (1947) that the addition of j east extract to 
peptone medium markedly mercased the jncld of tyrothnem obtamed m surface 
culture In submerged culture (glutamic acid medium) the growth of D brevis 
is stimulated by yeast extract, but the formabon of tjTothncm is inhibited 
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m a glass lined 200 1 fermentation vessel designed for larger scale work on 
antibiotics (Gordon, Grenfell Knowles Leggc, McAllister & ^yhltc, 1047) In 
general, similar results were obtamed except that the jdelds of tyrothnein were 
lower (0 a-0 4 g /I ) but \Tere obtamed m a shorter period (120 hr ) The 
general form of the results mokes it clear that the findings m aspirators can be 
apphed with proper technical modlhcations, to larger scale worlong 

The question as to which of the vitamins causes these effects was next 
mvestigated in aspirator-scale experiments The inoculum for these tests %ras 
10 mk from a 8-day surface culture on the basal ammonium succinate mediiun. 
In each fermentation a smgle vitamm was added m the amoimt given below, 
up to SIX experiments being conducted simultaneously m order to obtam results 
as comparable as possible a control experiment without added vitamm was 
included in each set. A typical senes of results is given m Table 1 the vitamm 
concentrations used were equivalent to those present m the experiments with 
B Plex. 

Table 1 Effect of vitamins of Ute B-complex on tyrothnein production 

BokU nWllnm (g fh)t ammooiam fucctnate 5-0 gluoosc lOK); KH 1 FO 4 0 S E^tlPO^ 0 5 
Ug^ 4 , 7 HjOCKJ Naa<M)I FeSO, 7 H 4 O OOl j CsCa, 0 25 

YWd of 

Amount tyrothrloin 

Vitamin added (mg /L medium) (g/L medium) 


Aoearin bydrochiortde 

0-625 

0-60 

Nlcodoio add 

6 250 

0-55 

PyrWcoln 

0-625 

o-eo 

Paatotbeolo add 

9 125 

0-84 

ChoUiK hydrochloride 

)5-000 

0^ 

R1 bo fit via 

1 250 

0-49 

loQfitol 

0-000 

0-20 

Dlotin 

0-005 

0-B8 

None 

— • 

059 


The analytical data obtamed with pyndoxm and biotm arc illustrated m 
Figs 6 and 6 and may be compared with those for unsupplemented ammonium 
tucemate (Fig 8) In general, for all the separate vitamm runs the data 
conformed closely to those for ammonium sucemate without added vitamins 
Ammoma ntUlxation is rapid and almost complete m the case of pantothenic 
acid, chohne or inositol but is of the mcomplete type in the case of the other 
vitamins As mdicated previously however the occurrence of one or the other 
type of ammoma metabolism is of uncertain significance. Figs 5 and 0 have 
been chosen because they illustrate a feature of particular IntcrcsL The addition 
of biotm nboflavm or inositol (m the amounts stated m Table 1) consistently 
delays the initial stages of the fermentation, and little utilisation of glucose or 
ammonia takes place for e 80 hr (Fig 0) Growth ns indicated b> turbidit} 
shows a similar lag Thereafter the rate of metabolism is foster than usual 
and by 120 hr these fermentations have reached the same stage as the controls 
or those with other single vitamins present 

Pyndoiin oneurm nicotinic acid pantothenic acid and choline ha\ e little, 
if any effect on the rate of metabolism or growth of the organism (e-g pyri 
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doxm Fig 6) It would Bcem therefore that the stimulatmg effect of 3 
Flex on the growth of B brans m the ammonium succinate medium is a 
composite one, and is not due to any single member of the vitamra B group 
IVhen all the vitamins arc present, the mitial delajTng effect of biotin nbo- 
flaVm and inositol is not evndent. 

It 19 however, clear from Table 1 and Fig 6 that the stimulating effect of 
B Flex on the tyrothnem yield is due to the presence of biotin smee addition 
of the latter alone (5 pg /I ) bnngs the yield of tyrothnem up to 0 88 g /L 
medium as compared with tlie 0-89 g /I obtained with B Flex. There is 
evidence that aneunn and pjTidoxm ma> aid in increasing the tyrothnem 
yield, ns each give 0 60 g /I as against controls of 0 68 g /I The yield with 
mcotmic acid is imchanged while nboflavm pantothenic acid choline and 
mositol all appear to decrease slightly the ultimate yield of tyrothnem or 
alternatively may me^j delay its formation It is clear frnm this that the 
stimulation or otherwise of the yield of tyrothnem cannot be predicted frxim 
the utibsation of nutnents, and must be due to some more subtle effect on 
metabohsm Observabon of the morphological appearance of the organism 
throughout each run cast no light on this pomt. 

It 18 not proposed here to discuss further whv biotm should have such 
a marked sbmulabng effect on the jncld of tyrothnem nor to relate this 
observabon to previous work on the efb^t of vitamins on micro-orgamsms 
The latter field has been fully renewed recently by Feterson A. Peterson (1945) 
buttheonly work With J5 treru appears to be that of Landy Dickcn Bickmg 
Sc 31itchell (1942) who found that biobn had a marked effect on metabolism 
In view of the potential importance of this organism and the defimte link 
between the aefaon of biotm and the formabon of tyrothnem, more detailed 
invesbgafaon of this relabonship is desirable. 

Urea as source of mtrogen 

Invesbgabons were also earned out with a synthehc medium m which the 
ammonium succinate was replaced by a corresponding amount of urea as the 
nitrogen source- The organism would not always grow sabsfactonly on this 
medium but when growth did occur it was accompanied by tyrothnem 
formabon the yields being c 02 g fl Fig 7 shows that the metabohe picture 
agam has its distmcbve features. There is a lag phase of some 80 hr before 
glucose and ammoma utiluabon commence properly and little change of pH 
or turbidity occurs during this period Thereafter ubhzabon is rapid but falls 
off at higher concentrations than m the succinate medium, possiblj because In 
the urea experiments the pH tends to fall to levels unfavourable to optamum 
growth and does not show the final steep nsc which occurs in a really suitable 
medium 

Tyroihrictn formation %n peptone medium 

After OUT stram F of B brems B G (Dubos) had been cultured for some 
18 months it suddenly developed the capacity to produce tyrothnem m deep 
culture in peptone media This finding was unexpected and resulted from a 


r 
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shown in Fig 8 The pH crurve clearly reflects the initial accumulation and 
subsequent utilization of ammonia and is quite difTerent from the pH curves 
for the synthetic media. 

In the presence of glucose the initial accumulation of ammonia is less 
marked and more prolonged The fact that glucose is bemg metabolized is 




Fig 8 


evidently responsible for this, smee the oiganism is clearly usmg the sugar as 
a carbon source m preference to or in addition to the peptone The extent of 
deammation is presumably less under these conditions and the peak liberation 
of ammonia is correspondmgly lower Utihzation of ammonia is agam not 
marked imtil the later stages of the fermentation. The pH changes arc lea* easy 
to interpret but seem to indicate an initial production of acid which out 
weighs ammonia liberation followed by a nsc of pH which ma> be due to 
metabolism of the acidic carbohydrate breakdown products once the initial 
attack on the glucose molecule is complete These results support the view of 
Appleby ef of (1947) that B brnTweannotbe regarded as an organism incapable 
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of producing acid from carbohydrates In all these experiments, the turbidity 
data do not mdicate the initial growth lag found with synthetic media, the 
imtial rate of growth is rapid and slows down to a steady value after c 50 hr 
Despite the differences caused by the presence or absence of glucose, it is 
clear that in the presence of peptone the metabolism of submerged cultures 
differs radically from that m synthetic media In fact, the data suggest tliat 
when peptone is present the primary consideration of the organism is its source 



of carbon rather than of nitrogen In the sj-nthctic media both appear to call 
forth an equal degree of metabolic activitj', and this may constitute a clue 
to the fact that normal!} B breiis grows well but does not form t}Tothricm 
(or docs so onh to a minor degree) when peptone is present Even in the above 
experiments the } icid of t}Tothncin is only one-quarter of that obtainable in 
surface culture on the same media in half the time It is not proposed to discuss 
the reasons whv B brciis should suddenh develop the capacity of producing 
tiTothricin in submerged culture in the presence of peptone after earlier 
experiments liad failed to demonstrate any such ability Lewis, Dimick L 
Feustel ( 1045 ) ha\c also reported briefly the formation of tyTothricm in the 
preccnce of peptone in the case of a particular substock of the Dubos B G 
strain which had been maintained as a pure culture for some time 
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The authors wish to expres s their gratitude to Mr A. J C. Gonnley Managing 
Director of John Wyeth and Bro Ltd, for pcrmissioa to publish the above resolta. 
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Production of Antifungal and Antibacterial Substances by 
Fungi; Preliminary Examination of 166 Strains of 

Fungi Imperfecti 

By P W BRIAN anb H G HEJMMING 
Imperial Chemical Industries Ltd , Biitterwick Research Laborcdones, Welwyn, Herts 

SUMMARY One hundred and sixty-si% strains of Fungi Imperfecti have been 
e’^anuned primarily for the production of antiftmgal substances, though antibacterial 
substances have also been sought m most cases 
Antifungal substances were produced by several species of Aspergillus and 
PeniciUium, Fusanum caeruleum, Metarrhizium ghitinosum, Stachybotrys atra, Tri- 
choderma mnde, Ghocladium caienulatum and Tnchotliecium roseiim Antibactenal 
substances were produced by species of Aspergillus, Fusanum, Pentmllnm, Stachy- 
botrys and Tnchodervia 

The chemical nature of the substances responsible for this activity is known or can 
be suggested m some cases, but others are worthy of further mvestigation 

Several surveys of the production of antibacterial substances by fungi have 
been published recently (Wilkms «fc Hams, 1942, 1948, 1944 a, h, c, Wilkins, 
1945, 1946, Robbins, Hervey, Davidson, Ma & Robbins, 1945), from which 
it appears that many of the Ascomycetes, Basidiomycetes and Fungi Im- 
perfecti show marked antibacterial activity but few, if any, of the Phyco- 
mycetes No cbmparable surveys of the production of antifungal substances 
have been published, though many substances originally studied for their anti- 
bacterial activity have since been found to be also toxic to fungi The present 
account deals with a number of Fungi Imperfecti examined primarily for anti- 
fungal activity, a preliminary examination for antibacterial activity has also 
been made m most cases Species of Pemcillmm, Aspergillus and Trichodcrma 
account for a high proportion of the strains examined, but representatives of 
seventeen other form-genera have been included Further studies of certain of 
the strains found to produce antifungal substances have resulted m the isolation 
in pure form of the antibiotics ^^ndln, glutmosm, gladiolic acid and ‘curling- 
factor’, the relevant references to this work are given m a later section of this 
paper 


EXPEREVIENTAL MATERIALS AND METHODS 

The fungi examined were obtained from various sources Many vcrc isolated 
in this laboratory’' from soils or other materials, and many were obtained from 
the National Collection of Type Cultures The writers arc also indebted to 
Dr G R Bisby for cultures of Trichoderma, Stachybotrys and Memnoniella and 
to Mr George Smith for cultures of Tnchoderma and Ghocladium All identifi- 
cations have been checked as far as possible and a number of the more 
interestmg Penicillia (P. ierhhowsJm and members of the P mgneans- 
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janezcwtht senes) have been submitted for identification to Dr K. B Raper of 
the United States Department of Agnculture, 

The antifungal and antibactenal properties of these fungi have been 
examined m most cases by two methods The first and most simple method was 
by observation of antagonisms in agar plate cultures The second method 
involved growing the fungi on liquid media with penodical assays of the culture 
filtrates for antifungal and antibacterial activit> These methods are destribed 
in greater detail below 


Aniagointm tn agar cttUure 

The agar medium used had the following composition glucose 10 g peptone 
(Evans Medical Supplies London) 10 g Lab Lemco meat extract 8 g 
sodium chloride 5 g agar 16 g distilled water 1000 mL Plates of this medium 
were inoculated with a transverse streak of spores of the fungus to be exammed, 
or by a mycchal transplant if spores were not sufficiently abundimtly produced. 
The inoculated plates were meubated for 4 days at 25 Using a platmum loop 
24 hr broth culturea of two bacteria (Staphylococcus aurctis and Salmonella 
iypki) and a suspension m sterile broth of cell material of the ammal pathogenic 
fungus Endomycoptu albicans (Vmll ) Dekker were then streaked at nght 
angles to the advancing edge of the fungus colony The plates were incubated 
for a further 24-28 hr at 37® after which they were examined and the degree 
of antagonism as represented by the presence or absence, adjacent to the 
fungus cobny of a clear zone where no growth of the test organism had taken 
place recorded as follows 

-- ■» no indication of antagonism 

+ ■■ tone of inhibition not more than 0*6 cm 

-f + ■■ zone of inhibition greater than 0 6 cm 

(-f) an apparent dimmution in vi^ur of growth of the test orgamsm 
without production of a clear zone observed m some tests 

The liquid cuUure method 

The mould to be examined was grown on 80 ml lots of medium dispensed in 
100 mb Pyrex flasks In some of the earlier experiments 16 ml of medium 
m 9 cm Petri dishes was used (cf Wcmdhng 1984) but this method was 
discarded because of the prevalence of oontammations and difficult} of hand 
ling In general 20-25 flasks of each medium used were inoculated meubated 
at 26® and five were withdrawn at random and bulked for assay Samples 
were taken m this manner usually after 0 8 10 and 12 days incubation with 
some more rapidly gr o wi ng forms (e.g Tnchoderma) sampling ycaa begun 
carher and was carried on longer (up to 21 days) with the more slowly growing 
organisms The liquid medium was filtered off and assayed for fungistatic 
activity by the Botrytxs aUn spore germination technique (Brian b Hemming 
1945) and for antibacterial activity b} the usual serial dilution technique, 
using Staphylococcus aureus as test organism growth being estmiated turbidi 
metrically 


XI-* 
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The media used in this wotk have been varied from time to time as experience 
■was gained and bearmg in mind, m some eases, known preferences of some of 
the organisms The media used were Wemdlmg, Wemdling N, Czapek-Do\, 
Raulm-Thom, Comsteep and Barham & Smits Of these, the composition of 
Wemdling, Czapek-Dox, Raulm-Thom and Comsteep have been previously 
given (Brian, Curtis & Hemming, 1946) Wemdling N is a vanant of the 
standard Wemdling medium with the same amount of nitrogen supplied as 
sodium nitrate instead of as ammonium tartrate The Barham & Smits medium 
IS one with high sugar content Recommended (Barham & Smits, 1986) for 
production of kojic acid by Aspergillus fiavii^ 


RESULTS 

The results are summarized m Table 1 To economize m space the results of all 
assays have not been given but only the lughest assay observed at any of the 
samplings The activities of culture filtrates are indicated as follows 

2 signifies inhibition of spore germination or bacterial growth at a dilution 
of 1 in 4 (1 m 2“) but not at 1 m 8, 

3 signifies inhibition of spore germination or bacterial growtli at a dilution 
of 1 in 8 (1 in 2^) but not at 1 m 16, 

and so on accordingly In the case of the B alln spore-germination test the least 
ddution examined was 1 m 2, activity at this level but not at 1 m 4 was 
recorded as activity I, no activity at 1 m 2 was recorded as 0 In the case of the 
antibacterial tests the results of the first dilution were ignored on all media and 
of the first two dilutions with Raulm-Thom and Wemdling, as the culture 
medium alone was found to inhibit growth on occasion , activity 0 represents, 
therefore, no activity at a dilution of 1 in 8 with culture filtrates from Raulin- 
Tliom and Wemdling, no activitj^ at 1 in 4 for all otlier media 

Detailed consideration of results 

The fungi examined can most conveniently be discussed in groups 
Aspergillus Only three strains of Aspergillus of the 22 examined showed any 
marked activitj when grown on liquid media, though se^'cral more vere active 
in agar culture A strain of A clavatus (no 88) showed both antifungal and 
antibactenal actmty Strains of this species have been shown (Katzman, 
Hayes, Cam, van Wjk, Reithel, Thayer, Doisy, Gaby, Carroll, Muir, Tones 
& Wade, 1944, Waksman, Homing <L Spencer, 1943) to produce the antibiotic 
substance known as clavacm or patulin (anhydro-3-hydro\>mctliylcnc- 
tetrah>dro-l 4-p>Tonc-2-carboxyIic acid) and it is the production of this 
substance uhich probably accounts for the eflccts obscn’cd 

Two strains of A ierrcits (nos 278 and 279) possess marked antifungal and 
antibacterial actmU' This species is biochcmica]l> Acr> versatile and sub- 
stances isolated from its culture filtrates include cla\acm (Kent i Hcatlej, 
1945), citnmn (Timonin, 1942, Thom A Raper, 1945) and itaconic acid (Calam, 
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Oxford <L Raistrick, 1089) all of which are known to possess antifungal and 
antibacterial properties 

Fusarium F ccenileum apparently produces an antifungal substance, 
though subsequent experiments have given conflicting results Three un 
identified Fwionum spp (nos 87 42 and 47) produce an antibacterial substance, 
latUe work has been reported on the isolation of antibiotics produced by 
Fusanum spp though Amstem Cook & Lacey (1946) have recently reported 
the isolation of an antibacterial pigment — javamcin (Ci(Hi 404 ) — from culture 
filtrates from hqmd culture of F ^aoajucuin 

Metarrhmum M gluiuuitum showed marked antifungal activity but no 
antibacterial activity The isolation of an antifungal substance, glutmosm 
from culture filtrates has already been reported (Brian A McGowan, 

1946) 

PemciUium The strains falling mto the P chrysogenum senes (nos 25 28 
76 238 and probably also 182 and 188) show marked anbbactenal activity (to 
Staphylococctu aweus but not to SalmomUa typhi m the agar culture test) but 
no antifungal activity This is almost certainly due to pemciUm production. 
The slight antibacterial activity shown by PemciUium ciirtnum (no 54) is 
probably due to production of citnnm and the moderate antifungal and anti 
bactenal activity of strains of P cyclopitim and P pxibendum to produebon of 
penicdlic acid (y-keto j3 methoxy*5 methylene A“*hexeDOic acid) (Alsbcrg A 
Black, 1918 Birkinshaw Oxford & Raistnck, 1980) 

Several strains of P expensum showed anbbactenal acbvity Anslow, 
Baistnck & Smith (1948) have shown that strains of this mould produce 
clavacm (patulm) Both strains of P gladioU exammed were acbvdy anti 
fungal and anbbactenal Brian, Curbs, Grove, Hemming & McGowan (1946) 
have shown this to be due to produebon of gladiohc acid (CxjHnOg) which thej 
have isolated in pure form Six strains of P jarusewshn were examined all of 
which save one had been isolated from Warcham Heath soil. Though the anti 
fungal actavity as expressed by suppression of spore germmabon was only 
moderate, they all produced extraordinary distorbons of Boirytis allU hyphae. 
A pure substance ( curhng factor ) responsible for this mtcrcsbng phjsio- 
logical effect has been isolated (Brian et al 1946 McGowan 1946) Two 
related strains of the P nigncant’janczrtoskix senes produce antibacterial and 
antifungal culture filtrates without the distortmg effect these arc at present 
the subject of mvesbgaboru 

The marked anbfungal and anbbactenal acbvity of P terhkorejkix has been 
shown (Brian Hemming A McGowan 1946 Bnan, 1946) to be due to pro- 
duchon of gfiotoxm (C^jH i.N.S,0,) 

P Ulacimim is mtcrcsting m that it has shown marked antagonistic effects 
m agar culture but when grown m hquid culture the culture filtrates have 
shown little if any acbvity In addibon to those already raenboned a number 
of other Penxcxlhum spp have shown alight antifungal or anbboctcnal activity 
but no further comment is at present possible* 

Stackybotrys and Memfionulla Of nine strains of Siachybotrys atra exammed 
six show antifungal or antibacterial actmty The remaining six straint, and 
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three strains of Memnomella ecliinaia, included because of the possible identity 
of this form with Stachybotrys atra (Bisby, 1943, 1945, Zuck, 1946), showed 
neither type of activity S atra is at present being studied in greater detail 

Tnchodenna and Ghocladium Three well-defined groups can be seen m 
Trzchodcrma 

Group 1 showmg marked antifungal activity but no antibacterial activity 
This includes strains 2, 3, 10, 213, 214 and 218 

Group 2 showmg both antifungal and antibacterial activity This includes 
strains 12, 207, 208, 211 

Group 3 showing no activity, either on agar or m liquid culture This, the 
largest group, includes strains 1, 4, 8, 27, 28, 62, 122, 125, 185, 186, 146, 147, 
149, 152 and 156 

Tlie strains in group 1 are all of the pigmented type , this type of activity is 
probably due to the production of viridm (Brian & McGowan, 1945, Brian, 
Hemmmg, Curtis & McGowan, 1946) Strains 8, 10, 213 and 214 are known to 
produce viridin The strams m group 2 are all non-pigmented and probably 
all produce ghotoxm, which is both antibacterial and antifmigal Strains 12, 
207 and 211 are known to produce this substance (Brian, 1944, Brian & 
Hemming, 1945) 

In addition to these well-defined groups there are many strains which show 
various types of activity m agar culture but none when groivn on liquid media 
This effect is also to be noticed with fungi from other genera One strain in 
particular is worth noting, no 7, which appears to produce a substance active 
against Staphylococcus but not against Salmonella or the test fungi, suggesting 
that vindin and ghotoxm may not be the only antibiotic substances produced 
by Tnchodenna viride 

The probable identity of Weindling’s ‘ Ghocladium fimbnatum’ , from which 
ghotoxm was first isolated, with Tnehoderma vinde, has been discussed else- 
where (Brian, 1944) It is of interest here to note that an authentic Ghocladium 
fimbnatum shows very slight antifungal activity, but that G catenulatum is 
distinctly more active m this respect and is worth further investigation 

Other fungi Fungi from other form-genera have all given negative results 
with the exception of Tnchothccium roseum which produced antifungal culture 
filtrates The antagonistic properties of this organism have been previously 
reported by Greancy & Machacck (1935) 

General observations 

As previously mentioned this survey has been carried out primarily to 
obtain information on the production of antifungal substances by moulds 
Approximatclv onc-third of the strains examined show antifungal activity 
This projiortion is weighted b\ the fact that where a species showed promise 
considerable numbers of strains were examined (especially m Tnchodenna) 
After making due allowance for this, however, it w ill be seen that quite a high 
proportion of Fungi Imperfccti produce substances toxic to another mould 
{Bolnjtis allii) 
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Two limitations m the technique must also be home m mmd when con 
sidenng the general implication of these results First, only one test fungus has 
been used m the liquid culture crperiraents — Boirytxs aUix It is possible that 
a completely different picture might have been obtamed if other test fungi had 
been used. No deflmte judgement on this possibility can be made at present 
but the antifungal metabohe products which have been isolated in these 
laboratones (vindin glutmosm, gladioUo acid and curling factor ) and others 
are generally active against most fungi other than the one 8j>ecificallj producing 
them This technical limitation then may not be of great importance. 

A more important hnutation undoubtedly is that the spore genmnataon tests 
have all been earned out at pH 8 5 and acid-sensitive antifungal matenals 
might well be destrojed under those conditions The numerous recorded 
discrepancies between the agar culture method (earned out at pH 6 5-7) and 
the hquid culture method maj be due to this. In future sur\ eys it is proposed 
to carry out assays at pH 8 6 and at pH 0 5 or 7 0 so that both acid sensitive 
substances and those stable only m acid solutions {e.g \'indm) can be detected. 


Most of this woiic was carried out at Hawthoradole Laboratories, JeaJott s TTTIl 
Research Station. We ore Indebted to Miss Myrtle Bray and Mhi M. Vi Weller for 
assistance with the biological assay’s. 
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A Simple Plate Method for Multiple Tests of the Anti- 
bacterial Activity of many Bacteria against other 
Bacterial Strains 


ByN G HEATLEY 

The Sir William Dunn School of Pathology, University of Oxford 

SUMMARY Tlie organisms -whose antibactenal powers are to be investigated 
are grown in parallel streaks on cellophan superposed on an agar plate The cellophan 
IS stopped off and the test organisms are streaked on the stenle agar surface thereby 
revealed, at right angles to the first streaks After incubation, grovdh of the test 
orgamsms ivill be interrupted in those areas in which an mhibitor lias diffused 
through the cellophan from the first organisms There are some hinitations in the 
application of the method 

During some recent work (Hcatley & Florey, 1946) a strain of Bad coh 
{Escherichia colt) was found to produce an antibiotic which inhibited some 
cohform organisms at a verj’- high dilution, other cohform organisms being 
unafTccted Examination of a number of other strains of Bad coh (M A 
Jennings, unpublished) showed tliat a few of them also formed antibiotics 
which were higlily specific in the same way, inhibiting some strains of cohforms 
but not others, but dilTcring from each other and from the first inhibitor 
examined m regard to the particular strains against which they were active 

The fact that the usual methods of detecting antibiotic action, employing 
onb a few different strains, revealed a number of different highly specific 
inhibitors, suggested that there might be inhibitors formed by other strains of 
Bad coh which liad escaped detection because the test organisms used were 
not susceptible 

A simple test was required by which several strains of Bad coh could be 
tested for antibacterial activity against several different test organisms The 
method described below, which embodies more or less w'cll-known principles 
(eg Gratia, 1944), was found to work satisfactorily, and may have wider 
applications, not only for the detection of antibiotic actmty or the comparison 
of range of antibacterial action, but perhaps also for the selection of strains of 
bacteria whicli have special nutritional requirements, or of those which form 
an excess of certain growdh factors, etc 


Principle of the mdhod 

The surface of a rather deep nutrient agar plate is covered with a circular 
sheet of ccllojihan and is then dried The organisms to be tested arc sowti in 
parallel strea!^ on the surface of the cellophan (primary streaLs), and the plate 
IS incubated for 16-20 lir (PI lA) The cellophan, together with the organisms 
growing on it, is stripped off, and the test organisms (secondarv streaks) arc 
then sow n across the surface of the agar at right angles to the position formerly 
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occupied by the pnmarj atreaka After further incubation, the test strains -will 
appear aa m PL. 1 B, the growth of the secondary streak is mtemipted to 
a greater or leas extent where it crosses the site of any primary streak which 
had produced an inhibitor against it. In fact, the plate itself presenta the 
results of the test m tabular form 

Technical deUnls 

Depth of the agar The agar should be rather deeper than usual to prevent 
the slight inhibition of g^o^vth due to local exhaustion of tlie medium About 
100 ml of nutrient agar/6 in Petn dish is a convement amount, giving a lajer 
of medium 5-6 mm deep 

CeUophan dul 8 These should be cut dry slightlj smaller than the surface of 
the agar, from cellophan, about 0 08-0 04 mm thick. A cellophau which gave 
satisfactory results with this techmque was Cellophane grade P T 400 (Bntish 
Cellophane Ltd Bath Hoad, Bndgwatcr Somerset) The waterproofed variety 
of cellophan cannot be used as it is not sufficlentlv permeable. The disks are 
washed in distilled water and several of them may be autoclaved in a Petn 
dish with sufficient water to prevent them stacking together or becommg 
warped durmg stenhzation 

pTeparation of the plates A sheet of stenle cellophan is picked up in flamed 
6trf cool forceps the exceis moisture is allowed to drain off and the disk is 
spread out on the agar with forceps and tf necessary a stenle bent glass rod 
If the cellophan is not lying flat e.g because it has been gnppcd with hot 
forceps it will gradually curl up during the drying and the plate will be spoiled 
The plate should be well dried m any of the usual ways Lajnng the lid and 
mverted bottom separately on parallel glass rods held m a frame m a 87 
incubator for 1-2 hr is satisfactory 

Making the streaks The pnmary strlaks should not be closer together than 
about 1 5 cm., so that six can be accommodated with ease on a 0 in plate The 
secondary streaks may however be closer together — (hS-O 9 cm apiart is 
a convenient distance — so that eleven may be made on the same 6 in plate. 
The primary streaks should not be made nearer than 0 5-0 7 era to the edge of 
the cellophan and if the latter shows a grain* i e. irregular fine parallel Imes 
presumably caused during extrusion they are made parallel to the gram. The 
plates should be dried for a short tune after streaking otherwise there is 
a tendency for the bacterial growtij to spread 

It IS convement for streakrag to place the plate over a paper disk on which 
guide lines the appropriate distance apart, have been boldly marked Bj 
adoptmg such a standard procedure, the exact position of the primary streaks 
may be recalled at any tame during or after the remaining operations 

The following method of making the streaks hn« been found much more 
convement thnn the usual procedure with a loop The scaled tap of a Pasteur 
pipette with a long thm capillary is cut off square, the open end flame-polished 
by holdmg In the base of a Bunsen flame, and the whole flame sterilized The 
capillary is then heated about 1 cm from the end and allowed to bend through 
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nearly a right angle by its own weight After cooling for a few seconds, the 
open tip IS momentarily immersed m a broth culture of the organism which is 
to be streaked, and withdrawn before the meniscus has ceased to rise Using 
the tip of the capillary like a pen, a metre or more of uniform streak — either 
contmuous or m short lengtlis — can be traced ■without ha'ving to recharge the 
capillar)^ (cf loop technique) ^\Tien all streaks with that particular organism 
have been made, the tip of tlie capillary is cut off ]ust above the highest point 
to which the broth culture reached, and after flammg and bending, it is ready 
for the next culture ^^^len the capiUary has been used up, another is dra'wn out 
from the same pipette This method (which surely must have been used many 
times before, though no reference to it could be found) gives a streak which is 
much more uniform throughout its length than can usually be obtained "with 
a loop 

Lwutaitons of the method 

There are certain ob'vaous limitations of the method 

(1) The technique cannot be used for the detection or study of inhibitors 
which wiU not diffuse through cellophan, e g the products of B brems (Dubos, 
1939), or the protein diplococcin (Oxford, 1944) It may be possible to use 
instead of cellophan a membrane with larger pores, but still impermeable to 
bacteria, such as a gradocol membrane or cellophan treated in the manner 
described by Sejunour (1940) 

(2) In its present form it cannot be used unless primary and test organisms 
will both grow on the same medium The medium used must also, of course, 
be one on which the antibiotic can be formed 

(3) The method is not suitable for organisms which spread on solid media 
Partial success m dealing -with such organisms vas, hoivcver, attained by 
confining the streaks within ridges of beeswax-plus-resm or bccsvax-plus- 
Venetian turpentine, the wax mixture being applied while hot ivith a bent 
Pasteur pipette, in the same waj-^ as the bacterial streaks 
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Microbiological Aspects of the Submerged-Culture 
Production of Penicillin on a Pilot-Plant Scale 

E. GRENFELL B J LEGGE and T WHITE 

The HftcoTth Lahomtoritt John Wyeth and Bto Lid London 

SUMMARY The uee of mechanical air fUtratlon combined Tvith ultra violet 
irradiation of the filtered air has aided markedly in avoiding contamination by 
undesirable micro-organisms during pilot plant sc^ work on penicillin production- 
Bj maintaining roaster cultures of PenicxUium strains In stcnle soil it has been 
found possible to eliminate strain variation and to maintain the penicillin producing 
capadtj of the strains* This procedure, followed b> transfer of tho organism to 
a rj-B grain substrate gives a con^'en^ent method of securing large numbers of 
spores for large-scale work. 

It has been found to be desirable to check the purity of the strains, their penicillin 
producing capacity and the viability of the spores at various stages of the production 
sequence methods have been developed for each of these requirements- Improve 
raents In the cup assay method of estimating penicillin have eliminated certain 
dlfficulbes cncoimtered in this assay and have enabled the overall error of tho 
method to be reduced to 6%. A colorimetric method of assay has been developed 
which gi\*e8 results agreeing with those of the cup assay With this new method 
the penicillin content of a sample can be estimated In 5 hr 

Earlier work on penicillin formation showed that this is a particular!) intricate 
microbiological process (Flcmmg 1929 autterbuck, Lov^ & Raistrick, 1082 
Abraham Chain, Fletcher Gardner Hcatlcy Jennings A Florej 1041) The 
progress made towards a solution of this problem has remained secret (under 
wartime regulations) unhl recently when groups of workers m the U-S-A- 
published certain information regarding techniques used m the study of the 
surface and submerged culture formation of pemciUin These piapers which will 
be referred to m detail later 4o not discuss many aspects of practical unpor 
tance and the present communication gives some account of methods used m 
these laboratones to secure adequate yields of penicillin in submerged culture 
of the mould on a pilot plant scale 

The most important practical microbiological problems involved are 
(a) selecting and maintaimng PenxcxUium strains of good penlcillm producing 
capacity (6) obtainmg the bulk of spores required as inoculum for large-scale 
operations (c) eliminating contamination with other micro-organisms at oil 
stages (d) carrying out the process of penicillm formation under controlled 
conditions (e) following the course of penicillin formation accurately 

Abraham rf ad (1941) ga've information of practical value on these points 
for surface culture, but the first detaOed statement of basic pnnciplcs for 
larger scale operation was that of FostCT Woodruff A, McDaniel (1948) These 
authors showed that in order to obtain reasonable yields of penicillin it was 
necessarj to select strains and to a\ old the degeneration of penicillin producing 
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capacity which is so marked in Pemcilhtim spp They stated that such de- 
generation was best eliminated by carrying master strains in lyophilized soil 
culture to avoid successive transfers on artificial media, and indicated the 
importance of using multiple-spore inocula instead of tlie more normal 
practice of attempting to establish pure hnes by single-spore isolation Stress 
was also laid on the value of proceeding from the master-soil cultures to the 
production stage with the mmimum number of intermediate transfers These 
points were emphasized by Moyer & Coghill (1946 a), who advocated the 
presentation of cultures by the lyophile method (see Thom & Raper, 1945) 
The value of strain selection was discussed in more detail by Raper, 
Alexander & Coghill (1944), who first described the ‘screening test’ for 
assessmg the potential value of strains Agar plugs taken from the surrounds 
of P notatum colonies grown on modified Czapek’s agar were implanted on 
plates seeded with StaphylococcKS aureus and the strain value assessed by 
observing the size of the inhibition zone produced by diffusion of penicillin 
from each plug The method had quantitative limitations, but was of great 
value in elimmating poor strains and was used in the recent isolation of higli- 
potency mutants after irradiation treatment (Raper & Fennell, 1946, Hanson, 
Myers, Stahly & Birkeland, 1946) 

The technique of obtaining large quantities of spores was developed largely 
by workers at the Northern Regional Research Laboratories, Peoria, and •was 
eventually described by Moyer & Coglull (1946 n) They used a ‘liquid sporu- 
lation medium’ which stimulated hea-vy sporing of Pemedhum strains, and also 
described the method in which the organism was inoculated into sterile whole- 
meal bread or (Moyer & Coghill, 1946 h) wheat bran moistened "with 2% (v/v) 
com-steep liquor solution The particular application of these methods to the 
preparation of inocula for deep-culture fermentation has been described by 
Koffler, Emerson, Perlman & Burris (1945) and by Moyer Sc Coghill (1946 6), 
these papers also deal bnefly -wnth the use of germinated spore suspensions for 
the inoculation of shake flask, aerated bottle, and aerated tank fermentations 
In these laboratories we had been fortunate in having the guidance of 
G R Rettew (private communications) of our associate U S company, and 
acknowledgement should be made of his unpublished work on many of the 
above problems In particular, he had used the sod technique for maintaining 
m\coIogicaI cultures of commercial importance long before penicillin pro- 
duction was contemplated, and liad developed, too, the system of intermediate 
transfer of master strains to sterile r> c grain for obtaining high yields of spores 
His ad\nce on sterilization by phjsical methods was also invaluable 

The problem of avoiding contamination by other micro-organisms during 
large-scale operations with Pemalbum has receiv^cd no attention m the 
literature, although it was, perhaps, the major problem in such work Outside 
the penicillin field, methods of eliminating air-bomc and other undesirable 
micro-organisms have been described bj Rahn (1945) and Rejnicrs (1913) In 
our work wc have used in particular ultra-violet (u v ) irradiation and 
mechanical filtration 

Tlie assay of penicillin bv the cup method was developed onginallv bv 
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Abraham doi (1941), and improved by Foster & Woodruff (1948 1044) it has 
also been discussed by Schmidt & Moyer (1044) Beadle, Mitchell Bonner 
(1945) and by Knudsen & Randall (1046) Despite the care with which these 
workers described the method they left unraentioned factors which can cause 
appreciable variation of results and we found it necessary to investigate the 
method further and to develop an alternative more rapid method of assay 
which would give results m agreement with those of the cup assay 

Our methods have been based partly on the above published work partly 
on data made available by the pemciDm information exchange scheme, and 
partly on our own investigations The foUowing details may be of value to 
workers in this and related fields who by virtue of the war have not had 
access to information which Is of some importance. The value of these techmques 
may be judged from the results described by Gordon, GrenfeB Knowles, 
Lcgge, McAllister A, White (1947) and by the fact that they were achieved 
without contaminatioQ difficulties in laboratories m which similar large>fcale 
work with a BactUua capable of destroymg penicillin was also m progress. 


EXPERIMENTAL 
Culture media 

(1) Nutrient agar DLfco peptone, 6 g Dlfco yeast extract, 8 g Difeo beef 
extract, 1 5 g ghicose 1 g Davis agar 10 g distilled water to 1 1 pH adjusted 
to 7 3 b^ore steriUsing (6 0-7 0 Lq dniil medium) Aiterpooring plates were Incnbated 
at 87^ to test sterility 

(2) hSodified CeapeJ^e agar NaNO| 8 g KH^O| 3 g MgSOi 7H,0 0-5 g ; 
KQ ChS g FeSOi 7H|0 0-01 g sucrose (brown sugar) 80 g Davis agar 16 g 
cora>«t:eep liquor 10 mk distilled water to 1 1 pH adjuirted to 6 6 before sterfUxation 
(5 8-6 0 in Anal medium) After pouring plates were iucubated at 25°’ to test 
sterflity 

(8) Spondatlon agar (Afoyer slope) This medium was introduced by Moyer 
(in]piibIUbedwoTk)aiidlS8lmilartot^tofMoyer&Coghlll(1946a) The composition 
is as follows Naa 40 g KG 0 2 g KH^O* 0 00 g UgSO« 7H,0 0-05 g 
ZnS04 7H,0 0 022g FeS04 7H,O,0<K>5g brown sugar 40 g Davis agar 80 g 
molasses, 4 mL corn-steep liquor 4 mL distilled water to 1 L pH 4*8-6 0 in final 
medium without adjustment. The agar Is omitted if a liquid medium is required, 

(4) Nutrient broth Cultures of Staphs aureus used as inocula for penidUln assays 
were grown on thfat medium the composition of which was Difeo peptone, 6 g ; 
Dlfco yeast extract, 1 B g { Difeo beef extract, 1 6 g glucose, 1 g phosphate 
buffer pH 7 0 (8*4 g K4HPO4 + 8-O g KH,P04/1 ) 600 ml distfUed water to 1 L 
pH 7 0 without adjustment. 


The sterxle room 

Transfers of PenictUtum were earned out in an adapted part of the labora 
tory termed, for convenience, the sterile room Its use was essential for the 
moculatlon technique desenbed later smee contamination bj pemcillin 
destroying organisms would have been inevitable if tronsfera had been made 
m the normal laboratory atmosphere. The arrangement of the stenie room is 
shown m Fig 1 
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Ad air filter (constructed to design by Airscrew, Ltd , Weybndge, Surrey) set m 
the inner wall drew air from an outer air-lock through a felt bactenal filter mto the 
inner (moculatmg) portion of the room, givmg twelve air changes an hour m this 
area A strip tr v lamp (‘Hanovia’) on the wall opposite the aur mtake was directed 
horizontally so that any organisms passing the filter were immediately exposed to 
u V irradiation, which was most mtense m the upper third of the moculatmg room 
The filtered, irradiated air then swept down and out through a gnll m the bottom of 
the moculatmg room door mto the air-lock Here it was drawn agam to the filter past 
a second u.v lamp (directed downwards) above the sterile gowns referred to later 
The air m the stenie room was thus contmuously circulated, filtered, and irradiated — 
the moculatmg room proper bemg always under a shght positive pressure The air- 
lock contamed three previously sterilized gowns and masks hung immediately below 
the tr V lamp, these were replaced after usmg three or four times, or after known 
contammation The inner room contamed only a stool, enamelled-top table and gas 
burner 


Inner inoculating room 



The foUowmg procedure was adopted in usmg the sterile room Cultures and 
apparatus were placed on a surgical trolley together with thin surgical rubber gloves, 
01% (w/v) mercuric bichloride solution, absorbent cotton- wool swabs and a spmj 
gun TSvo operators entered the air-lock with this trolley, donned the moculatmg 
gowns, masks and gloves, and swabbed the latter with bichlonde solution Tlie 
troUey, and the surfaces of culture containers and apparatus on the trolley, ncrc 
then sivabbed mth bichlonde by one operator, while the other sprayed the air-lock 
and then the moculatmg room with calcium hj^iochlonte solution (0 00% available 
chlonne) Both operators then entered the moculatmg room with the trolley, and 
reswabbed the gloves, culture contamers and apparatus before placing the latter on 
the swabbed moculatmg table Cotton-wool plugs were then pulled out slightly, 
flamed, and pushed back mto position with a damp swab Transfers were cfTcctcd ns 
m normal m> cological routine Pourmg, when neccssarj , 'vvas done through a flame 
unless b\mg oigamsms were present m the liquid, when it was performed immediately 
imder a flame The table top was reswabbed and the inoculating room and air-lock 
respraj cd after use 

The efliciency of the arrangement in producing aseptic conditions was 
tested as follows, three experiments being conducted in each case The sterile 
room was first deliberately contaminated by operators m non-stcnle clothing, 
the filter and u v lamps hanng been smtehed off and the doors opened to the 
mam laboratory’ atmosphere for an hour 

Two plates each of nutrient agar and modified Czapek’s agar were exposed 
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for one hour on the inoculating table, on the window sill of the air lock 
and on a central shelf in the main laboratory The doors of the inoculating 
room and the air lock were closed, the filter operated for 24 hr and a second 
set of plates then exposed for 1 hr In one of the three experiments the v v 
lamps were put into operation over a second 24 hr period and a third set of 
plates exposed* The room was then sprayed with hypochlonte solution and 
a fourth set of plates exposed immediately The Czapek agar plates were 
incubated at 26® for 8 days, and the nutncnt agar plates at 87 for 1 day and 
then at 26* for 2 days Mould colonies on the former and bactenal and yeast 

Table 1 Expmmenial Ust of the * ttenU room 

Treatment 


Filter (2 dayi) 

Filter (8 d&jrs) u v (1 day) 

None Ftlter* (I day) u t t (I day) *p™-yt 


£xp 

no 

Place 

Bao- 

terla 

Moulds Both 

Bac- 

teria 

Mould* Both 

Bao- 

teria 

Mould* Both 

Bac- 

teria 

Mould* Both 

1 

A 

111 

44 

155 

114 

6 

122 

— 

— 

— 

— 

— 



B 

20 

17 

87 

6 

4 

10 

— 

— 

— 

— 

— 

— 
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26 

27 

58 

2 

1 

8 

— 

— 

— 

— 

— 

— 

a 

A 

850 

IS 
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278 

86 

814 

— 

— 

— 

— 

— 

— 


B 

50 

2 

52 

16 

10 

26 

— 

— 

— 

— 

— 

— 


C 

84 

6 

80 

4 

0 

4 

— 

— 

— 

— 

— 

— 

8 

A 

404 

14 

508 

801 

81 

083 

103 

15 

307 

814 

20 

884 


B 

117 

6 

183 

41 

8 

44 

8 

5 

11 

14 

4 

18 


C 

06 

8 

00 

23 

I 

» 

S 

1 

8 

5 

1 

0 


A, enter labontory B ah look of itarile room i C, taner portkm of sterile room* 

The figure* repfeeent the average colony count frem dtqjBeate plate* expo*ed for 1 hr la the pUce* 
Indicated tortace area of platewe. 80 cm** 

• Air filtration a yi te m turned on f Ultra violet lamp* tonied on J Room iproyed with hypo- 
chlorite sofaitkm. 

colonies on the latter were then counted, end the results for dupbeate plates 
averaged* Table 1 gives the results of these experiments. The contamination of 
the mam laboratory was investigated mne times, giving an average of 880 
micro-organisms per plate per hr (808 bacteria and yeasts plus 28 moulds) 

More than 90% of the bacterial colomes were Bacillus brems no doubt as 

a result of contemporary work with this organism The degree of contamination 

of the an* lock and of the inner portion of the sterile room was always decreased 
to 6-8 and 1-2% respectively of that of the main laboratory at the same time. 

Since these percentages were obtained after all types of treatment, it was 
presumed that entry and eidt of the optaratore involved these amounts of 
contaminatioD and it was concluded that the filter was efficient in removing 
micro-organisms from the sir circulating in the inoculating room* 

In view of the heavy unavoidable contamination of the m am laboratories due 
to pilot-scale antibiotic extraction work, the efficiency of the system is dearly 
high and its value is shown by the fact that contaramation never became 
a problem throughout the work. 


r*-* 
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Maintenance and storage of stock cultures 

It has already been pointed out that maintenance of the penicillin-producing 
capacit)’- of Penmlhum strains is a senous problem In our work, new strains 
were subcultured immediately on receipt to provide stock cultures for storage, 
and to obviate the necessity of opemng the ongmal culture too often If the 
new stram was received as a soil-spore culture, it was subcultured on a slope 
of sporulation agar and incubated for 5 days at 25° Sterile distilled water 
(5 ml ) was added to this slope culture (or to that of a new stram received m 
this form) and 1 ml quantities of the resultant spore suspension transferred to 
stock soil tubes These were prepared by the method of Thom & Raper (1915) 
by autoclavmg 3 g lots of moistened soil at 15 lb pressure for 20 min on tluce 
successive days The inoculated soil tubes served as master cultures for the 
stimn and were stored at 4° where they dned out gradually This process had 
no adverse effects on Pemcilliiim or Aspergillus spp , although it was fatal in 
the case of a Fiisanum and should not be considered applicable to all fungi The 
master soU suspensions were normally used to initiate the first production 
sequence of the stram (see Chart m the next secfaon), and were then stored for 
reference Further sequences were chmed out with the second (storage) soil 
suspension described later If these gave poorer results than those given by the 
master soil stock, they were discarded and the latter used again The technique 
is safer than contmuous transfer on agar, is simpler than the lyophile method 
of storage, and gave satisfactory mamtenance of stram quality 

Stages leading to penicillin production 

For the reasons given earher it was considered necessary to have ns few 
transfers as possible between stram storage and production, or between 
successive stages of storage The following chart shows the procedure adopted 
to obtam a growmg and sporulatmg culture, and to allow of a purity test, 
a potency test, contmuation of storage, and of a large supply of spores for 
germmation and subsequent inoculation of production media 

A loop of soil plus spores was transferred from the master stock culture to 
a Mo\ er’s agar slope and incubated at 25° for 5 days Distilled water (5 ml ) 
was then added and the tube agitated to release the spores The spore sus- 
pension so obtamed was used to inoculate one 20 oz Roux bottle, three 
plates of modified Czapek’s agar, and two rj'c gram flasks (vide infra) It could 
also be used to prepare further soil suspensions for storage but we ha^c 
preferred the alternative method shown 

Eoux bottle culture and strain punUj 

The Roux bottle culture was intended to test the punt\ of the strain and 
contained 100 ml modified Czapek’s agar (composition as given earlier except 
that K.HPO< was used instead of KH,P 04 , and the pH -n as 7 2) A loop of 
spore suspension was spread over the agar surface, larger quantities having 
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proved nnsatisfactory as the hqaid was absorbed unevenly with consequent 
effect upon the colonial appearance. After incubation at 25* for 5 days the 
colonies were examined macroscopically for such morphological dissunilanty as 
inhomogenaty or sectoring Changes of this kmd usually denoted impunty, 
or mutation with alteration of the antibiotic properties and such cultures 
were stored until subcultures had been t abwi and tested further 


Son fmpenskin P notatum-daytcgaium 


loop 


Moyer ilopfr+-j-a mL water 
(fporulatton) 


loop 

1 

Cxopek bottle 
(parity) 


loop 

1 

i Cupek plates 
(potency) 


5 kS rye graln-^ — | — 200 mL water 

I flaiti 

1 mL (ipoTuIatioa) 


2 Son tabes 
(storage) 


1 mL 


port 


aspirator 

(germlaatioo) 


part or whole 


aspbatOT or tank 
(prod action) 

Chart of stages In the sobmerged-oultare prodaotkm of pwitrilUn 


A typical example of the importance of this punty test is seen m the case 
of a stram of P ehrytogenum X1012 which was received os a soil culture from 
the U S A. and gave satisfactory results for some 4 months A few differently 
coloured colonies then appeared m a Roux bottle culture and regularly there 
after the capacity of the stram for produemg penicillin in submerged culture 
diminiahmg progressively at the some tune. Subcultures taken from atypical 
colonies or colony sectors were tested for capacity to produce penicillin by the 
plug assay method described later they were also examined imder the micro 
scope. The two most common types of colony were developed through the 
production stages and grown in submerged culture m aspirator bottles 
Subsequent transfers showed the mutant colonies to be stable. The results of 
these Investigatioiis are summanred m Table 2 Plug assay results with the 
light and dark green colomes were not significantly different and gave no 
indication of the greater capacity of the latter for produang pemcillln m 
submerged culture, the assay method being qualitative rather than quanti 
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tative On the other hand, the much poorer cream mutant would normally 
be elunmated by this technique Microscopic examination revealed no 
significant difference between the light and dark green colonies, but confirmed 
the suspected absence of sporulation in the case of the cream colonies It is 
clear from this example that routine testing of strains for purity is essential if 
desirable properties are to be mamtamed No conclusions were reached as to 
the reasons for the deterioration of this particular stram 

Table 2 Detenorahon of a strain ofP chrysogenum X1G12 

Penicillin 
Average jneld in 
Average diameter aspirator 
diameter ofinhibi- deep 





No of 

of 

tion 

culture 

Origin of 

Incidence 

Colonial 

colonics 

colonics 

zone* 

(0\ford 

variant 

(%) 

appearance 

tested 

(mm ) 

(mm ) 

units/nil ) 

Strain before colony 

100 

Light green. 

11 

23 1 

82 0 

151 

variation 


wide white 







border, agar 
turnedycUow 





Type A Light or 
medium green colo- 
mes on Moyer’s or 
Czapek’s agar and 
white parts on nu- 

80 

As above 

27 

22 0 

SI 6 

23 

trient agar 

Type B Dark green 

20 

Dark green. 

20 

23 2 

30 2 

84 

colonics or sectors on 


narrow white 





Moyer’s or Czapek’s 


border, agar 





agar and brown parts 


V cry slightly 





on nutrient agar 


yellow 





TypeC Cream, white 

<1 

Cream, raised 

8 

13 

25 2 

Not 


or pale yellow colo- tested 

nies or sectors on 
Czapek’s agar 

* Oblamcd in assays of jicnicillin-producing capacity by the agar plug technique the 
results gi%cn arc in each case the average of the inhibition zones gi\cn by the plugs Imme- 
diately adjacent to the colonies tested 


Strain potency 

Plug assay of the plate cultures (sec Chart) tv ns used as an initial ehcck on 
the poteney of the strain before large-scale stages in production were reached, 
and also as a rough estimate of the value of new strains or of mutants of strains 
already in use 

Eacli Petn dish contained 20 ml modified Czapek’s agar (pH 7 2) and was centrally 
inoculated with a loop of spore suspension from the Moyer’s agar slope (Adjustment 
of the pH to 7 2 was important since the stability of penicillin decreases below 
pH C 0, and it was found that plugs taken from P chrysogenum X1012 cultures on 
Mov cr's agar at pH 4 8 caused no inhibition zones on Staph aureus phtes ) After 
exa'ctlv 5 days’ incubation at 20 °, five 8 mm plugs were cut with a stcnlc cork-borer 
from tiie agar immediately adjacent to the mould colony Tlie plugs were transferred 
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■without invenion, by means of a tpear bead needle to an assay plate seeded 'with 
Staph, aureus and placed at equidistant points about 26 mm- from the centre* These 
assaj plates were prepared and seeded as described later for the nomtal penicillin 
assay After implantation the assay plates 'were incubated at ST* for 10 hr and the 
diameters of the clea r drcnlar inhibition zones around the plugs measured- As the 
size of the zones depends on the amoont of penicillin dlffnring from the plugs, a rough 
estimate could be made of the potency of the mould strain concemed- 

The power of a surface colony to produce penlcillm on an agar plate did not, 
however always bear a strict rdationship to the capacity of the strain for 
producing penicillin m submerged bquid culture For this reason, therefore, 
the plug assay was looked upon only as a convenient test for eliminatmg poor 
strains, and for joutme checking of each strain prior to its use for large-scale 
work. Hapereial (19i4) used plugs cut liom the mould colony itself and from 
the agar m a radial scries toward the edge of the plate. Plugs taken from*tho 
actual colomes of highly potent strains give zones over 40 mm m diameter 
and, m Petri dis h e s, these are distorted and are diCQcult to measure accurately 
Furthermore, plugs equidistant from the some colony give •variable results We 
therefore considered it better to take five pings of the laHer type giving 
measurable zones of inhibition, and averaged the results to co'ver variation 
The differences between mdmdual values are presumably due to vanable 
diffusion or to vanable pemmllin production by different ores of the colony 


Rys groin euUure sporulatum^ and spore vwbxUiy 

The use of rye gram as a substrate for fungal growth is due to our colleaguo 
G R. Rettew (pnvate communication) although the procedure has been 
modiffed to suit our needs- Liquid sponilatmg medium (26 mL) was added to 
dry rye gram (26 g ) m a plugged 600 mL conical flask and autoclaved at 16 lb 
pressure for 20 min Eeuih such flask was inoculated with 1 mL spore suspension 
from the Moyer s agar slope and well whaVi^n. After 7 days incubation at 26 
most of the rye gram surface was green with spores and the culture could be 
used immediately for making a sjwre suspension, or stored at 4® for perKids 
up to a fortnight. Spore suspensioiis were prepared by adding distilled water 
and shaking to release the spores In early experiments a sample was taken for 
counting and the bulk used for mooulation without further treatment. Spore 
aggregation, however rendered macenrate both the oounting and the sub- 
sequent measurement of the inoculum, and a crude filtration process was 
therefore mcluded. A circular piece of muslin was hollowed into and wired 
over the month of a 600 ml conical flask, the top of which was then covered 
with a wad of non-absorbent cotton wool and greaseproof paper After the 
assembly bnd been sterilized, the spore suspension was poured through the 
muslm under cover of the cotton wool cap Total counts -were earned out with 
ten samples of the filtered material using a haemocytometer c ham ber of volume 
0 DOS mm • The finnl suspension normally contained 8-7 x 10^ sporcs/ml 
different times of incubation of the rye gram culture and a varying effloicncy 
of filtration significantly affecting the count. One ml lots of the suspension 
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were transferred to soil tubes which were stored at 4° for the purpose already 
descnbed. 

In order to establish the optimum conditions for penicillin production on 
a large scale it was necessary to be able to estimate the number of growing 
fungal colonies per unit volume of medium As an essential stage of each 
production sequence, germination of a measured quantity of the spore 
suspension was carried out m a 10 1 aspirator bottle containing production 
medium (Gordon et at 1947), and the problem was therefore to determine 
what proportion of the spores germinated imder these conditions This 
aspect appears to have received no attention from other workers. 

Tables Viability of P chrj'^sogenum spores 

Germi- 


* 

Culture used as source 

Samples 

Spores germmnted 

nation 

Possible 

Strain 

of spore suspension 

counted 

Spores inoculated 

(%) 

range* 

X1012 

6 day Mojer slope 
stored 14 days at 4° 

50 

1406/10,440 

14 

3-100 

X1612 

7-dny rye gram stored 

2 daj s at 4° 

25 

016/8748 

10 

11-21 

X1012 

7-day rye gram 

25 

2658/0703 

30 

23-70 

X1012 

8-dnj rj e gram 

10 

1178/4003 

25 

20-33 

Q170 

7-da> r) c grain stored 

3 days at 4® 

33 

1776/3005 

45 

10-72 

Q170 

8'doy rye gram 

25 

0810/17,010 

30 

18-55 

Q170 

7-dny rj'c gram 

25 

1303/0374 

21 

15-35 


• Range of percentage germination hen calculated from the lowest and highest total 
spore counts rather than from the mean 

A portion of the muslm-filtered suspemon was diluted with four volumes 
of water, mixed and dmded into two aliquots One of these was used for 
dctermming the total count as above According to the results obtained 
a further dilution of the second portion was made and an aliquot added to 
a known amount of modified Czapek’s agar at 47° After miving u ell, the agar 
was distributed (10 ml quantities) in Petri dishes uhich uere then ineubated 
at 25° Colony counts were made on the second day and repeated on the third 
day, but not thereafter since sporing had started and secondarj' colonies ucre 
a possibility. The results were expressed as the percentage of the spores 
inoculated which germinated 

The conditions of the test were necessarily difTcrcnt from those in an aerated 
liquid production medium, but significant difTcrcnccs in germination were not 
cx-pcctcd since essential conditions were supplied m both cases Results 
obtained Avith P chnjsogcnwn X1C12 and Q170 arc gi\cn in Table ti The 
‘possible range’ (see Table 3) was particularly vide in the first investigation 
m vhich no filtration of the spore suspension was included and spore aggrega- 
tion resulted in verv v ariable counts The viability of the spores of these strains 
of P chrysoseniirn was much lower than anticipated, being in all cases less 
than 50°/o. and this liad to be taken into account when calculating the size of 
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inocula for production purposes In view of these results we feel that deter 
mmataon of spore count and spore viability of inocula is desirable for proper 
control of penicillin fermentations 


Aapiraior boUle euUure and germtnaiwn of spore ^nocula 

Germmation of the spores used as Inocula for small and large scale pemcillin 
fermentations was accomplished m 10 L Pyrex glass aspirators. The general 
assembly for this purpose was simOar to that used for work on tyrothncin in 
these laboratones (Appleby Knowles McAllister Pearson A White 1947) 
Normally 7l of themediura(the«imeasthatnsed in thesubsequent production 
run) was made up m the aspirator assembly and autoclaved at 15 lb for 80 min. 
&pore suspension of known spore content was added through the moculation 
inlet and the assembly incubated m a thermostatically-controlled room at 
27 5 or 20 6® Owing to the aeration, the temperature of medium was 2 5“ 
lower than that of the room Aeration was nonnally at a rate of 1 L air/l 
medium/mm and no agitation other than that due to aerahon was used 
Initial frothing of the medmm dunng incubation was decreased by adding 
before stcnhxation 1-8 ml anhfoem (2% stearyl alcohol m lard oil) Aft^ 
24-80 hr excessive frothing generally occurred and 1-8 ml lots of antifoam 
were agam added through the inoculation inlet. The exit of air under pressure 
at this point minimized the possibility of contaminatioo dunng this operation. 
Aspirator cultures for the germination of spore mocula for tank scale fermen 
tations were nonnally grown for 48 hr and then used as desenbed by Gordon 
rf al (1947) 

Gertmnated cultures mtended for the moculation of further aspirator runs 
were grow n for 2-4 days and then removed to the sterile room The original 
level of the culture medium was restored by adding distilled water and, with 
knowledge of the initial spore number and of the percentage spore viability 
the number of oolomes per unit volume of the culture was estimated The 
contents of the aspirator were well shaken and the required volumes removed 
through the samplmg tube into stenlc graduated flasks for inoculating the 
production aspirator run* The apparatus and mode of operation for these was 
exactly the same as that used for moculum germination The results of such 
experiments are described by Gordon d al (1947) 

The purity of cultures was checked at each stage of the production sequence 
by plating on modified Cxapek agar and on nutrient agar 


T/ie assay of penteiUm 

The eitp method assay 

The procedure used was similar m essentials to that described by other 
workers (vide supra) but varied m certam details 

ITie cups used were of aluminium (10 mm. x 6 ±0-1 mm Intemal diam. 8 mm. 
external dlam ) with one end bevelled from the inner to the outer surface. Jlolfture 
condensation and consequent spreading of tlie test organism was prev-ented by using 
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Pete dishes (10 cm diam ) with porcelam Coor hds, these contamed 21 ml nutnent 
agar A further quantity of the same agar was melted, cooled to 47°, and inoculated 
(1 ml to 100 ml medium) with a 16 hr culture of Staph aureus (NCTC 6571a) in 
miteent broth. Seeded agar (4 ml ) was distributed evenly over the surface of each 
of the plates, which were then ready for use m the present metliod or m the plug 
assay method described earher Five cups were placed symmetecally on each plate, 
to ensure a good seal they were dropped on with forceps from a height of c 3 mm 
immediately after the agar had set Standard pemcilhn solution (0 2 ml , 1 Oxford 
umt/ml ) was measured mto cups 1 and 8, and the same \ olume of the solution under 
test (adjusted to approximately the same pemciUm content) to cups 2, 4 and 5 The 
plates were mcubated for 16 hr at S7“, and the diameters of the inhibition zones 
read to the nearest 0 5 mm The strength of the unknown was read from a standard 


Table 4 Effect of various factors on the assay of penicillin 
by the ‘cup assay' method 


Factor vaned 

Nonnallv 

Expen- 

mentall} 

Average 
change in 
zone diameter 
(% of normal) 

No of 
zones 
measured 

Age of Staph aureus 
inoculum (hr ) 

16 

22 5 

+44 

160 

Temperature at which 
agar inoculated (°) 

47 

56 

+ 105 

202 

pH of agar 

60 

0 35 

+7 8 

205 

Delay before incubating 
plates after fllhng cups 
(nun ) 

30 

60 

+4 5 

105 

Volume m cups (ml ) 

02 

0 1 

-11 0 

70 


curve which had been obtamed from experiments in wluch the five cups contained 
solutions of standard pemcillin of concentrations 0 4, 0 0, 0 8, 1 0 and 1 3 Oxford 
umts/ml The standard curve was adjusted up or doivn the ‘zone diameter’ axis 
accordmg to the plate variation indicated by the inhibition zones given on cneh plate 
by the two cups containmg standard pcnicUhn 

Solid standard pemcillin (Pro\nsional Bntish Standard) was stored at 1° and stock 
solutions (50 Oxford umts/ml ) m ether-saturated water prepared every fortnight 
TIicsc were further diluted as reqmrcd with phosphate buffer pH 0 0 (K,HPO«, 
3 25 g , inJ^PO^, 20 g , water to 1325 ml ) Test solutions were passed through 
a bactenal filter to remo\ c mycehum and dUuted with the same buffer to c 1 Oxford 
umt/ml All solutions were kept cold until used 

Pemcillin concentrations were calculated only from results obtained with 
test solutions containing from 0 9 to 1 1 Oxford umts/ml In order to avoid 
xanation and possible contamination of the test organism {Staph aureus) 
a routine check of the condition and punt}' of the test culture was made before 
each assay Stock cultures on nutnent agar slopes were stored at 4° 

In early assays high average zone sizes and diffuse zone edges were some- 
times encountered. As this tended to make the assays inaccurate, some 
inx estigation of the factors responsible was earned out The use of Difeo 
xeast extract m the assay medium produced sharp edges, while other \cast 
ktracts tested gave diffuse edges The effect of other factors on zone diameter 
IS shown m Table 4, conditions which discouraged growth of the test organism 
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caused an increase ot zone size* The effect of varying several factors simul 
taneously -was additive -with the added disadvantage that there was a tendency 
towards indefinite difTose zone edges 

The effect of varying the volume of solnbon placed in the cups is shown in 
Fig 2 Other workers have specified only that the cups should be ‘filled* 
Increasing the volume added from 0 2 to 0 8 mL gave an increase of 7H}% m 
the inhibihon zone diameter Errors of this order could therefore occur if the 
term filled ’ is laxly interpreted and we consider it essential to use a standard 



Fig 2. Vaiifttloa of dlsmeter of fnhfbltkni sooe with tdIojdc added to oap«* Penicilllii 
eolutlOD contained 1 Oxford unit/mL (ProriiloiuJ Britiib StAndurd*) 

volume. To obtam consistent results it is csscnbal to adhere rigidly to the 
standard conditions of assay described particularly as far as temperatures, 
pH values and times are concerned The overall error under these conditions 
18 of the order of 6% only 

The colorimdnc broth assay method 

This method was devised m order to provide an alternative and more rapid 
method of assay which would give results m agreement with those of the cup 
assay It was adapted from that developed for the assay of tyrothnem by 
Appleby Knowles, Pearson <t White (1947) The method is based on the 
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graded inhibition by increasing quantities of penicillm of the groAvth of Staph, 
aureus m nutrient broth, acid production being used as a measure of growth 
Standard penicillm was diluted to 0 2 Oxford unit/ml and the unknown to 
approximately the same concentration The volumes shown m Table 5 were 

Table 5 Colorimetric broth assay of an unknown penicillin solution 

Tube 



Standard or un- 00 01 02 03 04 05 00 07 08 00 10 

known penicillin 
solution (ml )* 

Penicillin present 0 0 0 02 0 04 0 00 0 08 0 10 0 12 014 010 018 0 20 

in ‘standard’ 
senes (Oxford 
units) 

Growth t 

‘ Standard’ senes — 

‘Unknown’ senes ++ + + ±± + ± + — ~ 

PemciUm in 0 12 0 10 0 20 

matclungstand- 
dard (Oxford 
units) 

Pemcilhn m un- 240 229 222 

diluted unknown 
(Oxford units/ml ) 

• Standard, 0 2 Oxford unit/ml , unknown, 1/1000 dilution of solution under test 
f + slgmfles indicator turns yellow, and — that it remains purple, ± represents inter- 
mediate changes 

Table 6 Comparison of two methods for the assay of pemcilhn 

Penicillm found 
(Oxford umts/ml ) 



Colonmctric 
Sample broth assay 

1 40 

2 142 
143 

3 225 

then measured into two senes of 3x^ in tubes (one senes for the standard 
and the other for the unknown) Water was added to each tube to bring tlie 
volume to 1 ml Papain heart digest broth (Applcbj, Knowles, Pearson 
\\Tute, 1947) containing 1% (w/v) glucose and 3% bromcrcsol-purpk indicator 
solution (British Drug Houses Ltd ) was mu\cd with onc-twenticth of its 
xolume of a 10 hr broth culture of Staph aureus, and 1 ml mixture added to 
each assay tube The latter were then inverted once to mix, and incubated in 
a water bath at 37* for 4 hr The result was obtained by companng tubes of 
the two series in which inhibition of growth was partial, i c those in which the 
mdicator showed an intermediate colour change Tubes from the unknowTi and 


Cup nssaj 

40 

141 

218 
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standard senes were matched viauaHy, and the results calculated from the 
arerage given by three or four matah^ tubes (Table 5) The overall error of 
the method was judged to be c. 15%. Table 6 shows that the results were in 
close agreement with those obtamed by the cup assay method turbidimctnc 
methods, on the other hand, usually tend to give higher values Aseptic 
precautions were taVen throughout, but ibia is possibly not essential m view 
of the short meubatdon penod 

Usmg this method the pemciUm content of a production sample can be 
estimated withm 6 hr , and the course of penicillin production can be followed 
more closely than would be otherwise possible. 

The authors wish to express their gratitude to Mr A. J C. Gormley Mannfrfng 
Director of John "Wyeth and Bro Ltd. Cor permission to publish the above results 
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Methods of PenlcHlln Production in Submerged 
Culture on a Pilot-Plant Scale 

BtJ J GORDON B GRENFELL E KNOWLES B J LEGGE 
R. c A. McAllister and t white 

Tht Baearth LobomtoricB John Wydh and Bto Ltd London 

SUMMARY nils paper gives details of a SO gaL fermentation vessel designed for 
inv'estignling the fonnntion of antibiotics (or other metabolic products) by micro- 
organisms grovm in submerged colture. This vessel has been used for investigating 
the submerged cultore production of penicillin by Penieinitan chrysogenvm Xiei2 
and Q176 and certain results relating to the size of the inoculum and the yields 
obtainable from these strains in synthetlo and other nuNdte have been obtained. 
Culture fluids containing from 400 to fiOO Oxford nnlts penldnin/mL have been 
obtained vrHh oultores of Ql76 in a com steep liquor medium. 

A method of extracting penicillin from iht broth has been vrorked out, based on 
solvent transfer the method being applicable on virtoahy any scale of operation 
and involving only relatively simple equipment. It has the advantage of reducing 
the time of conta^ of penlcOUn with add to such a degree that extraction at room 
temperature is possible, although extraction at still lower temperatnies improves 
the yield. Uring this methcMi of extraction wo have obtained caldum penldllln with 
a potency of 040 Oxford units/mg., the oveiaU recovery from the broth bdng of the 
order of 85--50% 

The large-scale production of penicillin by deep culture methods became 
possible largdy as a result of the development of suitable strems of the mould 
by methods such as those described by ^per Alexander & CogMU (1944) and 
by Raper & FenncH (1940) The development of com-steep liquor lactose media 
by Moyer & Coghill (1940 o) and of synthetic media by the Pennsylvania 
State University workers (unpublished work) made feasible the proper 
utiliiation of these strains The techmquc and biochemistry of penicillin 
formation in submerged culture has been investigated by Koffler Emerson 
Perlman & Bums (1045) Knight & Fraiier (1045), Koffler Knight, Emerson 
& Bums (1945) Raper & Fenndl (1046), Foster Woodruff Perlman, 
McDaniell Wilker A, Hendlin (1040) Moyer A. Ckighill (19485) Foster Wood 
ruff A MoDamell (1946) and Raper ft aL (1944) These workers have been 
concerned partly with aspects already discussed m the preceding paper 
(Grenfell Legge A White, 1947) with establishing by shake-flask, aerated 
bottle, and aerated tank experiments the optimum conditions for penicillin 
production and with mvestigation of the metabohe changes during the course 
of the experiments Stefaniok Geiley Brown A Johnson (1946) describe the 
construction and operation of pilot plant scale fermentation vessels for 
experimental investigations, and this is the only published information on 
thin aspect. It IS felt therefore, that some account of the techniques used in 
our laboratories and of the results obtained may be of value. These techniques 
have, of course, been based to some extent on the above mentioned work. 
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details of which were made available before pubhcation by the official peniciHm 
information exchange scheme 

Smce the results now presented are intended mainly to illustrate the value 
of the methods and equipment described, it is not proposed to discuss in detail 
the metabohc investigations covered by the above communications They 
provide a basis for understanding the effects of changes in medium composition, 
and of variation of operatmg conditions, upon the yield of pemcillin The use 
of high potency strains under optimum conditiens and the addition to the 
medium of substances specifically stimulatmg penicillin formation, has 
resulted m penicilhn yields of c 500 Oxford imits/ml culture fluid in 70-80 hr. 
Yields approaching this level have been obtamed in our work on a 200 I scale 
although in a slightly longer period 

Developments in the extraction of peniciUm have received little attention 
m the literature Two main methods are used (a) adsorption of penicilhn on 
carbon, elution with organic solvents, concentration, and purification by solvent 
transfer, (b) solvent transfer alone, usually m the sequence culture fluid, 
organic sohent, aqueous buffer, organic solvent, aqueous alkali, the last 
solution being used for freeze-drying We have developed for solvent transfer 
a convenient technique which can he used on any desired scale 

EXPERUIENTAL 
Methods and equipment 

Analytical methods 

The course of each femcntation was followed by periodic determinations of 
pH (elcctrometncally) , sugar utilization (method of Schaffer & Hartman, 
1920), ammonia content (micro-Kjedalil), and penicillin content (Grenfell et 
al 1947) Other features could, of course, have been follov cd Over a period 
of time, however, it was found that changes in the above constituents 
constituted the data of greatest significance and that from consideration of pH, 
sugar, and ammonia values it was normally possible to predict vhether or not 
a fermentation was proceeding satisfactorily, and the time at v> hich the culture 
fluid should be processed to obtain the best j icld of penicillin These two aspects 
are naturally of importance for production 

Culture media 

Synthetic media No 22A This medium was developed for use in penicillin 
production by the Pennsjhania State Unnersity group of workers (un- 
published) The composition is lactose B P , 15 g , glucose B P , 5 g , acetic 
acid (glacial), 4 g , XH^NOj, 5 g , KNOj, 3 5 g , KIf;P04, 2 g , MgSO^, HhO, 

0 5 g , FeS04,7H;0, 02 g , ZnS04,7H.0, 0 Ot g , CuSO^, 511,0, 0 005 g , 

phen\lacetamide, 0 25 g , water to 1 1 

Corn-steep liquor medium The composition of this medium is com stcip 
liquor (Stahle\ no 14), 30 ml , lactose B P , 40 g , CaCOj, 10 g , phcnj lncet- 
amidc, 0 25 g vatcr to 1 1 Antifoam (300 ml /200 1 medium) is added before 

sterilization 
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a I in Saunders glass-lined valve plus sampling pipe. Either steam or water 
could be circulated through the outer jacket, the supply pipes (positions 
shewn in Text-fig 1) being controlled by valves The steam exit led to a steam- 
trap system for draining off condensate 
Agiiaiioiu Agitation was by a glass-coated thrce-blndcd stirrer of the 
‘Impellor’ type with extreme blade diameter 18 in (8 in greater than the 
sparger diameter) and revolving at 160 r p m The stirrer blades were sited 
c 8 in above the sparger and were angled at 45® from the vertical, thus 
causing a downthrow of the medium into the air stream. The stuffing-box 
through which the stirrer was inserted into tlic fermenter was specially designed 
to prevent the possible entry of contaminating bacteria In addition to the 
normal rings of packing material, the stuffing-box contained a perforated 
steam lantern ring (Text-fig 1) The side of the stuffing-box ■was drilled and 
tapped at the level of this ring and a steam line inserted into the tapping, 
a similar tapping at the diametrically opposite point carried a fine steam cxit- 
jet Steam was passed continuously through the lantern ring throughout 
operation of the fermenter, the fine exit caiisiiig an increase m pressure and 
thus maintaining a sterilizing zone around the stirrer shaft As an added 
precaution, the packing rings were lubricated with grease containing 1% 
creosote 

Temperature control The fermenter vas fitted Mitli an immersion heater 
intended mainly for bacteriological fermentations Unlike Stcfaniak ct ah 
(194G), hoMC\cr, we found that heating vas required in the early stages of 
penicillin fermentations and the heater pro\cd advantageous. The healer Mas 
linked externally to a ‘Temperature Recorder-Controller’ (Cambridge 
Instrument Co ) vliich mtis connected also to a metal thermometer inserted 
in the thermometer pocket of the fermenter. The controller governed the 
temperature (normally 25°) throughout the fermentation, and also proMded 
a continuous record of the temperature inside the vessel The immersion 
healer, being 3 in in diameter, further sensed ns a baflle aiding adequate air 
dispersion and preventing clumping of the mycelium 

During rapid mjcchnl gronth the temperature tended to rise alK)\c 25° 
This Mas counteracted bj running cooling vater tlirough the jacket of the 
fermenter, the automatic action of the hcntcr-controllcr sjstcm preventing flic 
temperature dropping bclou 25° Control vas secured to 0 5° bj these means 

Aeration Air was pronded by a compressor-after coolcr-nir rcccn cr system 
of capacit} 250 1 free air/min at tO Ib pressure The air passed through 
a 1 in pipeline, pressure fluctuations being smoothed out and the pressure 
reduced to 30 lb bj a reducing \ al\ e After this vas a stop-cock and branch 
pipe for use when adding inoculum or antifoam to the \csscl The main air 
hnc then entered a \crtical ‘Rotameter’ calibrated up to 250 1 free air/min 
(allovnng for subsequent filter resistance, medium resistance, and the pressure 
drop to that of the atmosphere) 

After leasing the ‘Rotameter’ the air vas freed from micro-organisms b> 
p.vssagc through tvo ‘Acrox’ air filters fitted with grade ‘J3’ i>orcclain fillrrs 
of pore size 1 5/i The details of the arrangement arc shown in Text fig 2, 
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provision was made at this point for admission of steam to the circuit. The air 
line led finally Into the 1 in mild steel air sparger of the fermenter, terminating 
inside the vessel as a honzontal circular air sparger of 16 m diam., centrally 
placed about 2 in. above the bottom of the vessel and 8 in. below the stirrer 
vanes This circular portion had 15 nmformly spaced downwardly directed 
holes In. diam ) which distributed the air evenly into the medium. Air 
left the tank by a 2 m exhaust line fitted with a pressure gauge and a steam 
valve fitment for controllmg the pressure inside the fermenter This was 
normally 5-10 Ib to minimize the possibility of contaminatmg organisms 
entering the fermentCT during the runs 



Text«tlg S. Anangement of air Alter lyatem. .4, 1 in. Saunden gias»*Uaed valve*; 

J9i Bt filter ca«e drain cock* s C| 1 la. gate valve* on steam line* D, 1 In. gate 

vahre* oo air lines. 


Sterilization of the fermenter ^ mr eupply and medium 

Materials sufficient to make up 200 L medium were added to 180 1 tap water 
in the fermenter All openmgs were then bolWd down and the valves dosed. 
The followmg valves were then opened in sequence (Text figs 1, 2) (i) the 
moculataon nozzle valve (il) the air outlet valve of the fermenter (lu) the 
steam exit valve leading from the jacket to the steam trap (iv) the air Ime 
valves Ai (v) the dram cocks of the filters (vi) the steam valves 

Cl Cj. The last action caused steam at 80 lbs pressure to pass •imultaneously 
back through both porcelain filters, and forward through the air line and 
sparger mto the medium. The porcelain filters were thus sterilized while the 
fermenter was being sterilized and thereafter were capable of passing sterile 
air for tested periods of up to 800 hr 

Steam was next turned on at the jacket to speed up the heating of the 
medium When the medium temperature had risen to 100® and steam was 
passing freely from the inoculation nozzle (e, 26 min ) the air outlet valve of 
the fermenter was dosed until the fermenter pressure reached 16 Ib and the 
valve then adjusted to maintam that pressure. Sterilization was earned 
out for 80 Tn^n and the moculation valve then dosed, steam bemg turned on 
above tbiK valve as described later Steam was then turned off at the jacket 
and the steam valves Cj and At the same time the valves Dj were 
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opened and the cocks J?j closed, thus allo'Wing air to pass through the filters 
into the fermenter. Adjustment of the air exit valve of the fermenter was then 
required to mamtam the 15 lb pressure Normally, to avoid undue evaporation 
losses, aeration at this stage was limited to 40 1 /mm , this being sufficient to 
mamtam at least 5 lb pressure m the fermenter durmg the cooling process 
Cold water was then turned on at the jacket and the medium temperature 
brought down to 25° in 90 mm , the tank was then ready for inoculation The 
temperature control system was then brought mto operation and, after 
inoculation, the air mtake adjusted to the desired rate (1 1 air/l medium/ 
mm ) Durmg the sterihzmg process, the volume of medium usually rose to 
the desired 200 1 as a result of steam condensation during the heating stage 
The use of ‘Aerox’ porcelam filters was more convenient than the U S 
practice of usmg cotton- or glass-wool filters and gave efficient air sterilization 
without other accessory eqmpment and without undue mechanical bulk The 
two parallel filters were capable, under our conditions, of passing up to 250 1 
air/mm with the backmg pressure of 80 lb They were so inserted that either 
filter could be detached during the course of a fermentation, the porous 
element changed, steam sterilized, and then brought back mto operation 
without mtemipting the fermentation 


Inoculation 

The inoculation nozzle of the fermenter served both for the addition of the 
moculum and for the subsequent addition of antifoam agent (2% stcaryl 
alc«hol in lard oil) Its construction can be seen from Text-fig 1 Particular 
attention was paid to the design of this item since contamination was most 
hkely to be introduced at this point The nozzle consisted of a tube of ^ in bore 
entering through a port cover and carrying (as close as possible to the outside 
of the cover) a ^ m glass-lmed Saunders valve The portion of the nozzle 
above the valve had a m steam line inserted as close as possible to the valve 
seating it was threaded to take a cap immediately above this point, and then 
tapered to a 2 in long portion of f m bore at the inlet end This section was 
covered by a removable threaded wnnged cap with a lateral ^ m hole to act 
as a steam exit 

Durmg sterilization of the fermenter, the inoculation vah c was open and the 
cap of the no^e screwed on so that steam at stcnlizing pressure passed from 
the tank through the inoculation system and emerged via the lateral hole in 
the cap This effectively stcnlized the inlet route of the inoculum Shortly 
before completion of the sterilization of the fermenter, the inoculation valve 
was closed and steam turned on at the nozzle steam line to maintain sterile 
conditions above the valve until the time of inoculation. When the ferments r 
had been cooled to the operatmg temperature, this steam was turned off, the 
winged cap unscrewed and remo\cd, and an aspirator containing germinated 
spores (Grenfell ct al 1947) immcdiatcl} connected to the nozzle bj sterile 
rubber tubing which was wired in position, both to the nozzle and to the lube 
normallvsemng as the aspirator air outlet The branch air line (vide supra) was 
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then connected by rubber tubing to the air filter tube of the aspirator and the 
latter clamped in an mverted position above the fermenter The fermenter 
pressure was then lowered to 2 lb by operating the air ent valve, the mocula 
tion valve opened, and air at 80 lb pressure passed from the branch air Ime 
into the aspirator thus fotcmg the inoculum into the fermenter On completion 
of this process the air passmg mto the aspirator was turned off, the inoculation 
nozzle valve closed, and the aspirator disconnected from the nozzle. The 
nozzle cap was then refitted and steam turned on at the nozzle steam Ime to 
resterilize the system from the valve seating upwards. The fermenter pressure 
was finally readjusted to 5-10 lb 

A previously sterilized aspirator assembly containing antifoom was then 
attached to the nozzle and additions of antifoom made when required by the 
same technique, except that the assembly was left attached to the fermenter 
throughout the run 

Sampbn^ 

The 1 in. bottom exit valve of the fermenter terminated m an outlet (8 in. 
long X 1 m. diam ) with a steam Imc inserted immediately below the valve 
seating (Text fig 1) The end of the outlet was threaded to take a cap The 
outlet and lower face of the valve seating were steamed continuously during 
fermentations. The steam was turned off Immediately before sampling the 
outlet valve opened slightly and dosed immediately a sufficient sample had been 
obtained. Enotigh sample was first run to waste to cool the outlet to a tempera 
ture which would not affect the penlciUm content of the actual sample used. 
After sampling the valve was dosed at once and steaming recommenced. 

Occasionally the valve became blocked with myedium In this case the 
valve was shut, the outlet pipe capped loosely and steam passed through the 
outlet pipe via the loose cap for 80 min. Steaming was then stopped the cap 
tightened, and the outlet valve opened momentarily while the steam was 
simultaneously turned full on, thus forcing steam mto the fermenter With 
quick careful operation this procedure freed the blocked valve without 
detrimental effect on the fermentation any other procedure would have 
mvolved contamination 

The use of steam sterilization at this pomt, at the Btirrer insert, and at the 
inoculation nozzle proved highly successful and made it possible to operate 
without contamination throughout the experiments 

Theformaium of peniciWfn 

A large number of expenments were earned out both on the aspirator and 
the tanL scale, in which different conditions of fermentation, different media 
and diffarent strains were tested. The tank work was done with two U S 
strams (X16I2 and Q176) of P chrysogenum A comparison was made of the 
behaviour of these two strains m media based on com-steep liquor and in 
synthetic medium. It is proposed to discuss here only certain aspects of the 
results eicmplifymg points of importance which have not recei\cd previous 
comment or emphasis 
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Text-fig 8 illustrates the efiect of inoculum size on the yield of penicillin 
(strain X1612, synthetic medium) It has been our practice to inoculate at 
the final stage with a culture which had already been grown for 48 hr One of 
us (T W ) had found m the USA considerable disagreement as to the volume 
of moculum that should be added, figures given ranging from 0 5-10% of the 
volume of medium The vanabihty of spore viabihty from strain to strain 



Text-fig 3 Effect of inoculum size on the njctabolism of P c/in/JogCTJMmXlOlClnsjnlhcHc 
medium on an aspirator scale Inoculum (germinated spores) 5 x 10*, 0 • , x 10*, 
Q B, 10*, Actual ^olumcs of inoculum were 25, 250 and 500 ml rcspccti\clj 

Sugar utilization (%), — © — etc , ammonia utilization (%),-- ©--etc ,pll, etc , 
penicillin (O u /ml ), — • — etc 

(Grenfell ri al 1947) may account for this disagreement Our experiments 
were designed to determine the best inoculum size in terms of viable spores 
rather than as volume of inoculum only The three experiments of Text-fig 3 
were earned out simultaneous!} and show that the hca\ ler the inoculum, the 
greater vas the initial utilization of sugar and ammonia, and the less was the 
final }ueld of penicillin In the end, howc\cr, the smallest inoculum nctuull} 
gave the greatest utilization of sugar and ammonia, and also the most rapid 
production of penicillin and the highest \icM (155 Oxford units/ml ) The 
results suggest, in fact, that too large an inoculum uses up so much nutrient 
for mscclial growth that penicillin formation is badi} affected eitlur h} 
prolongation of the initial gro\vth phase or by the creation of unfasourabh 
conditions This and later findings suggested that for strain X1G12 under the 
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conditions of these experiments the inoculum should be 10* germinated spore*/l 
medium For different rtrams, media, and operating conditions the figure 
would probably be different and the aspect is one which we feel ments closer 
attention. 

Text fig 4 shows the results of a comparable experiment with the same 
strain and medium in the pilot plant. A much faster fermentation results 



Text^lg 4. UetabollBmofP cArvw^utn X1613io fTntbeUomedlom ooapOot plant vcale 
Sugar atiUxation (%) — O — ammonia otlllMtJoo {%) O } pH • ; pcnicDlln 

(Ou-/mL) — • — 


under the more efficient conditions of aeration, agitation etc., that were 
possible on thm scale. This particular run is chosen because it iHuatrates 
clearly the correlation of the time of the peak penidlhn yield with the marked 
final nse of pH and ammonia content of the medium. In practice, thm serves 
as on excellent mdication of the time when the cultures in this medium should 
be processed for optimum yields of pemcillin and, since both dcterminabons 
are more quickly earned out than any penicillin assay yet devised, the point is 
of some pratical importance. Stram Q176R behaved similarly m this respect 
m this medium (Text fig 5) the peak yield being 245 Oxford tmits/ml. It is 
clear also that the advantage of this gtram over X1012 lies not in a more 
complete utfliration of nutnents, but m the fact that there is a much shorter 
lag phase before penicillin formation begins while the rate of formation is much 
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faster and the final level higher There is a clear distinction too in the initial pH 
changes, strain Q176 showing a more definite and faster mitial pH rise than 
XI6I2 Our experience with this naedium has been that the greater and more 
rapid this early rise, the higher is the yield of penicillin The final point of 
interest in this experiment is the form of the sugar utihzation curve The initial 
fast rate is due to rapid metabolism of the glucose present, this being followed 
by a decided lag before lactose is used, this point will receive comment later 



Text-Ug 5 ^letabolusm of P ckrtjsogenum Q 17011 ia sjTithetJC medium on n pilot-plant scale 

Symbols as in Text-fig 4 

The results of experiments in which com-stcep liquor medium was used m 
the pilot-plant are shown m Text-fig C (strain Q17GR) and Text-fig 7 (strain 
Q176A) These two strains were separate isolates from the same original stock 
The general similanty between the fermentations is evident, particularly ns 
regards the changes m pH and ammonia content These curves arc \cry 
different from the corresponding curxes for the sjnthetic medium The pll 
reached an early peak xaluc and then remained approximately constant at 
a -value eminently suitable for penicillin formation, while the ammonia xnlucs 
showed an initial drop (not recorded b\ other workers) followed by a marked 
nse and then an equally marked fall with a tendency to rise shorth after the 
peak pemcillm \alue had been attained This medium was of particular \aluc 
not only because it ga\ e high yields (400-500 Oxford umts/ml ) but also cause 
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the yields did not fall off ver}^ rapidly after the peak— a point of decided \'nluc 
m processing and probably due to the pH remaining constant at a value at 
which pemciihn can persist 

The mam difference between the two strains Q176II and Q176A was in tlicir 
metabohsm of sugar and their jneld of penicillin Initially both attack the corn- 
steep hquor carbohydrate, and this is followed by a lag before lactose meta- 
bohsm begins The lag is much more pronounced with Q176A, and penicillin 
formation is correspondingly delayed This stram A incidentally shows the 
same lactose lag in synthetic media On the other hand the peak penicillin 
yield IS significantly higher with Q176A than with Q176R, which ran con- 
sistently to SSO Oxford units/ml despite slight medium modifications Foster, 
Woodruff, Perlman, jMcDaniell, Wilker & Hendlm (1946), who have provided 
the only other comparative data on X2612 and Ql76, have also commented 
on the lag in lactose metabohsm and advocated adaptation of the strains to 
lactose to obtain maximum effectiveness We found also that crude lactose 
prolonged the lag still more, but increase of quality above the B P standard 
did not affect the lag, nor did the addition of inorganic salts to the medium. 

The extraction of •penicillin 

The extraction of penicillin by laboratory scale methods becomes rather 
difficult with large volumes of medium Batchwise extraction is undesirable 
from several points of view and wc have therefore developed a method w hereby 
the transfer of penicilhn from aqueous solution to organic sol%^cnt is carried 
out by a continuous extraction process m which the time of contact of penicillin 
with acid IS decreased to such a mmimum that operation without refrigeration 
IS possible e\cn with \olumcs of 200 1 The general procedure is shown in tlic 
Chart on p 199 As an example of the use of this method of extraction the 
foUownng details based on the treatment of a batch of Ql7C broth of penicillin 
content c 400 Oxford units/ml may be considered 
Stages 1 and 2 Penicillin broth, amyl acetate, and 20% (w/v) phosphoric 
acid were each placed in Pjtcx aspirators fitted wnth stoppers carrying an 
open glass tube extending to the bottom of the aspirators to provide a constant 
head of liquid The lower aspirator outlet had a stopper carrjnng a delivery 
tube fitted with an adjustable screw clip, this, in conjunction with the constant 
head of liquid, enabled constant set rates of flow to be obtained The broth 
flow was set at 15 1 /hr , the acetate flow at half that value and the acid flow 
at that figure (predetermined by titration) which would bring the broth to 
pH 2 0-2 1 during the extraction 

A De Laval no 1200 laboratorv -type centrifuge was set up with thf Iwwl 
assembled as shown m Text-fig 8, i c with a lower clanfj mg disk but an upper 
disk arrangement as for separation— a combination of the two methods of 
assembly normallv used with this machine \\ ith this amingement, tv o (or 
more) liquids run In simultaneous!} arc first Ihoroughh mixed and emulsified, 
and then separated as the emulsion passes up tlirough the l>ovl Tlv normal 
clarifier assemble would carrv out the first function but not the second, v hih 
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the normal separator assembly would perform the second function but would 
not mix and emulsify efficiently 

The bowl was pruned with broth, the centrifuge started, and broth, solvent, 
and aoid fed simultaneously mto the znachme without prior Tnixing The acid 
flow was then finally adjusted until the pH of the discharging broth was 2 0-2 1, 


Chart ibowlng ertractioa procedore. 



20% (w/v) photphoric add 
(7) 

1 hfhi 


Amyl acetate extract 1 

(W) 

2 % (w/v) photphate buffer pH 7 5 
( 10 ) 

Stir and aeparate 


( Exhausted 
arayl acetate 1 
(50) 


Buffer aoIutioQ 
( 10 )'' 
\Slfhx 

Waste buffer - 
(10-7) 


Amyl acetate 

( 1 , 0 ) 

I 

— De Laval ceotrlfuge 


Amyl acetate extract 2 
( 10 ) 

Calcium carbooBte shinry 
( 1 ) 

Stir and separate 


20% (w/v) pbospborloadd) 
-( 0 - 7 ) 

1 L/hr 


Exhausted 
amyl acetate 2 

I (10) 


OoZdum sail sohdfen 
( 1 ) 

(The numbers In bmokeU Indicate volnmea in L) 


Stage 1 


Stage 2 


Stages 


Stage 4 


the machme being then ran continuously untfl the first stage of extraction was 
complete. The process resulted in efficient transfer of pcniciJlm from the broth 
to the amyl acetate, the waste broth now containing only c 1 Oxford umt/mL 
pcnicillm The amyl acetate was discharged mto a stainless steel vessel 
containmg 2% (w/v) phosphate buffer pH 7 5 (one tenth of the volume of the 
original broth) This solution was stdired continuously while the flow of amyl 
acetate continued, thus securing immediate transfer of the p enicillin from the 
organic solvent phase to a neutral aqueous phase where its stabiUty was high. 
The pH of the buffer was tested periodically durmg the addition of the amyl 
acetate solution it should not be allowed to fall below 7 1 and more buffer 
should be added if necessary The solution of pcnicillm m buffer was finally run 
off through a cock at the bottom of the apparatus 
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The method had the advantage that the time of contact of pemciUin vnth 
acid conditions (both m aqueous and orgamc solvent phases) -was a maximum 
of 1 mm , the time of contact ivith the acid aqueous phase ^^as only c 10 sec 
In consequence it vras possible to conduct the process at room temperature 
without appreciable acid decomposition of the penicdlm, the recovery to the 
buffer stage bemg of the order of 65-70% even at 20-25° A tjqucal broth 
containmg 440 Oxford umts/ml (13 Oxford units/mg ) gave a bulTer solution 
of concentration 8000 Oxford umts/ml (150 Oxford units/mg )— a t^sclvcfold 
imtial purification and tenfold concentration 


Phosphonc nad 


Peiucillin in broth 


Amjl acetate 



Te\t fis 8 Special method of nssemblj of the bovil of the Dc Latnl ccnfrifii^je 


Stages 3 and 4 The technique used for these tvo stages vas similar to tliat 
used in stages 1 and 2 except that the buffer solution from stage 2 repheed the 
onginal broth, and the amjl acetate flow was the same ns the buffer flou The 
amsl acetate was discliargcd contmuoush into a stirred slurrj of eahium 
carbonate (20 g carbonate plus 500 ml uatcr/lOOl inilnl broth) Aftirnllthr 
am\l acetate liad been run in, the mixture was stirred for a further 10 min at 
1500 r p m and the colution of calcium salt separated off, the pll of the latt/ r 
was normalh C 1 Tlic am\l acetate solution i as tlitn treated ns alvnc s.ith 
two further lots of calcium carbonate slurrx (20 g carlxmate in 300 ml s.atrr/ 
100 1 initial broth, 20 g carbonate in 200 ml wat^r/IOO 1 initial broth) Th' 
second calcium salt solution was usualh pll 7 0, and the third pll 7 2 llu 
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distnbubon of penicillin between the three fractions, and the potency of ea ch is 
shown in Table 1 The greatest part of the recovered penic illin m the first 
solubon. Recoveries of the order of 60-70% were again obtained at this stage, 
the overall recovery for the whole process bemg 86-60% Pooling of all three 
calciuin salts gave a final solution of concentrabon e. 16 000 Oxfend imits/ml 
and potency 800 Oxford units/mg This final solubon was suitable for expen 
mental freeze-drying and gave a peni cillin of hi gh er potency thnn hnic been used 
for clinical work unbl recently 

Table 1 DeUnli of ealctttm salts obtained at Vie final stage 
of peniaUtn exiradton 
FenicflUo cootent 


Caldinn 

salt 

0 a./mL 

O tL/mg 

%of total 

traetkm 

solottoD 

dry yrU 

penicillin 

1 

20,000 

040 

68 

2 

12,000 

000 

S3 

8 

0,000 

780 

6 


The isolabon of penicillin of this d^rec of punty on a laboratory scale and 
without refrigeration proves the value of the simple extraction method used 
above. Other experiments showed that the use of refngerahon at the two add 
transfer stages markedly unproved the yield and this of course, is m accord 
with large scale practice. On the small scale, however, the above procedure 
provides a simple end convement techmqne for mvesbgatmg the effects of 
variations in the extraction procedure. The continuous fiow method could 
have been applied also to the transfer of peniciUm from organic solvent to 
aqueous neutral buffer This was not usually done, however smcc the transfer 
can be earned out at temperatures up to 26® without loss of penicillin beyond 
that due to its distnbution coeflBdent between the two solvents. 

The authors wish to e xpress their gratitude to Mr A J C. Gormley M a n a gin g 
Director of John Wyeth and Bro Ltd. for pennlisJon to publish the above results. 
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Clostridium aurantibutyricum (n sp ) A Pink Butyric 
Acid Clostridium 

Bt ESTHER BELLINGER 

Danitl Si^ RtaearcJi ln$tttuie Behovolh, Palatme 

SUMMARY A pink, butyric add producing CJottridium isolated by On 'Wcianann 
firom South AMcan hibiscus stems Is described. It ferments sucrose, glucose lactose, 
maltose, galactose xylose starch, but not ccDuloee. inulm. mannitol, glycerol and 
■orbitoL 

The main products of fermentation of maize and glucose are butync and acetic 
odds acetone, butanol, ethanol and isopropanol are produced In slight or moderate 
amotmti lactic add. formic add and acetyImethyl*caTblnol only lu slight or 
negligible ammmts. In Its partial dlastatic action on maize mashes and in the com 
position of its resultant metabolic products the new organism resembles members of 
the so-called butyric group of dostridla but it dUTers maricedly In liquefying 
gelatin. 

In certain morphological and physiological features the organism resembles two 
orange-coloured dostridla CZ. Jelnnetan CL rvsatm (both belonging to the 
BO-caHed butyllo group) but is readily distinguishable from them. Tbn two butjdio 
organisms have a complete dlastatic action on maize and butanol is the chief product 
of fennentaticuL The new organism Is also distinguishable Its inability to fennent 
Jnulin and to disintegrate potato slopes. 

On the basis of this eddenee the organism Is oonsideied to be a new spedea. 
for which the uflTne CZ. cntnniQndyrtctan Is suggested. 

A pmk organism, isolated by Ch. Weizmann in May 1989 from a sample of 
South African hibiscus stems, produced a distmet red coloration on maize 
mash, gave red colomes on nutrient glucose agar and produced butync and 
ecetio acids, and small quantities of neutral solvents from sugar for the 
complete fermentation of ^ich chalk was required. It produced spores which 
withstood 2 mm, heating at lOO** 

A number of these cultures, designated W 45, was mvestigatcd after they had 
been scaled for six to seven months. Some wer e still viable when subcultured 
m yeast glucose medium at 87® but none survived hestmg for 1-2 min at 100* 
nor for several minutes at 80 Cultures in maize mash showed active gassing 
a defimte pink coloration and a good although mcomplete dlastatic action. 
The so-called head of solid particles of mash, brought to the surface by the 
active evolution of gas sank when the gassing had subsided. The cul tur e s 
consisted of actively motile rods and dostndia bearing subterminal spores On 
yeast glucose agar slopes under anaerobic conditions more or less regular 
orange pink granular colomes were produced (PL 1 A) Preliminary expert 
ments showed that the organism rjutwimilftteii carbohydrates producing good 
yields of butyric and acetic acids and slight amounts of neutral volatile 
products such as acetone, butanol, ethanol and wpropanoL These data and 
especially the prevaflmg addio nature of the fermentation products, tend to 
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align the pink organism with the so-called butyric clostridia rather than with 
the butyhc bactena 

Chromogenic clostridia are not unknown Two red chromogens have been 
described, viz Closindium felstneum Carbone & Tomolato (Carbone & 
Tomolato, 1917) a true rettmg organism from rettmg flax, and Cl roseum 
McCoy & McCIung (McCoy & McQung, 1985), found occasionally with Cl. 
acetobutylicum Because of their special abihty to produce high yields of 
acetone and butanol from starch mashes these two chromogens are grouped 
with the butyhc orgamsms No record of a pink butyric organism could be 
found m the hterature except one by McClimg (1942) who reported the isolation 
of some pigmented butyric types from soil and mud This, naturally, stimulated 
a close study of the morphology, cultural aspects and physiological properties 
of the new pink butyric Clostndtum, with special reference to its taxonomy 
and nomenclature 


DESCRIPTION OF THE ORGANISM 
Morphology 

Vegetative cells Motile, medium and long rods, rounded ends, singly and m 
short or fairly long chains Spore-bearmg cells motile, mostly spindle-shaped 
(PI 1, B) Gk)od sporulation at 80“ on 6% maize, but scanty at 87“, becoming 
neghgible after several subculturmgs Tendency for better sporulation on 1 % 
than 5 % maize at 87“ 


Endospores 

Table 1 

Subtemimal and oval 

Measurements of vegetative cells, etc , 

Limits of size 

on yeast glucose agar 

Average size 

^ 




Length 

Width’ 

Length 

Length 

Rods 

(f^) 


(/^ ) 


(1) 80° 

28-80 

0 65-0 6 

4-7 

0 68 

(2) 87° 

4 0-17 0 

0 6 -0 55 

94 

0 61 

Clostndia 

6 5-10 6 

0 0-11 

69 

1 06 

Spores 

19-24 

0 85-1 1 

2 18 

0 97 


Flagella Pentrichous 

Staining reactions Young cultures Gram-positive Lugol’s lodme young 
vegetative cells stain yellow, granulose m clostndia stams blue-violet 


Fermentation of carbohydrates and related substances 

The ability of the organism to utilize various substances as a source of carbon 
was determmed by measurmg the amount of gas and volatile acid produced 
from 25 ml of medium containing 20% yeast water, 0 5 g of the substance 
under test, and 0 5 g calcium carbonate m long narrow tubes (28 x 1 7 cm ) 
connected with water-filled gas burettes The results are shown m Table 2 
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Table 2 Fcrmenlaiton of various carbohydrates alcohols and glucosxdes 
(7 days at 87® and 80“) 

Gas prodoction Volatile aeid 

(mL) (mL 0*1 n) 



87 

80" 

37* 

80* 

Glucose laotoi^ sucrose 
maltose galactose, levu* 
lose, aroblnose, xylose, 
mannose starch 

105-2T0 

185-800 

27 5-42 6 

20-41 5 

Romnose, ihamnose, dex 
trin 

105-120 

05-100 

28-36'6 

23-27 6 

SoUdn pectin (0*8 g ) 

47-73 

43-07 

18-18 5 

14-17 

GlyceroL Inulin glycogen, 
mannitol, aorbltol, cry 
tbrltol cellulose 

0-5 

0 

8-6 

1-6 5 

Basal medhun+lDoculam 

— 

— 

85 

6-0 


FermeiUatxon of gUicoie Analyses of tbe fermentation products of glucose 
in the presence and absence of calcmm carbonate are given in Table 8 The 
Inoculant -mis an active 24 hr mame-tube culture. In the first senes, 3% 
glucose was added to 600 ml of 0 5% Difco yeast extract m the second senes 
800 ml of the same medium were taken whereas m the third and fourth series 
8% glucose was added to 600 ml of yeast medium with the addition of 20 g 
of separately sterilised calcium carbonate. 

Table 8 ProdueU of fcrmeTtSaiwn of yeast glucose 
medium after 6-7 days tneiihotum at S7 


Without CaCO, 

With CaCO, 

‘ I n' 

rn IV ’ 


Glncose fermented (%) 

00-38 

45 86 

100 

100 

Tltmtable aridity 
(mL 0 lir acid/10 mL) 

Chi 0-08 — — 

Products calcnlated in nnnoL/lOO Twmnl. 
of gtecose fermented 

Butyrio axdd 

404 

60-6 

485 

431 

Acetic add 

514 

594 

47 8 

63S 

Lactic add 

0-0 

94 

23-0 

71 

Formic add 

0-8 

9-7 

0-0 

14 

Acetone 

83 

1 8 

1-0 

1 5 

iwPropanol 

54 

68 

8-0 

1-6 

Butanol 

11-0 

85 

71 

74 

Ethanol 

843 

45 0 

15 8 

14-6 

Acetylinethylcarbtnol 

58 

Traces 

0-8 

0^1 


Residual sugar vraa detetmlned according to Lehmann Maquenne-Schoorl (viui 
dcr Haar 1020) 

Neittral sohxnis were distilled off from 200 mL of neotralixed fermented medium 
100 mL of distillate were collected The acetone content was estimated according to 
Goodwin 8 modification (Goodwin, 1020) of Mesiinger s method fsopropauol by 
the method of Langlykke Peterson A. McCoy (1085) and ethanol and butanol by 
Johnson s (1082) method, 


OMlf 
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Volahle acids were deternuned from 50 ml of the fermented medium acidified with 
phosphonc acid and distilled until about 12 ml remained COj-ftee distilled water 
(50 ml ) was then added to the distilling flask and distillation continued This was 
repeated until all volatile acids were distilled over The volatile acids were then 
determined according to Duclaux The distillation constants were calculated from 
our own data obtamed with pure acids 

Lactic acid was estimated directly on the fermented medium by the Fmcke method 
(Official Methods, 1985) 

Acclylmclhtflcarbmol was estimated on 200 ml of the fermented medium accordmg 
to ICiuyver, Donker & Visser ’t Hooft’s (1928) modification of Lemoigne’s method 


* Fermentation qf maize mask 

5% maize mashes were fermented hy the orgamsm at 87° and 80° The 
moculant used was 1 ml of a young active culture The analyses of the products 
of fermentation are recorded m Tables 4 and 5 

Table 4 Products of fermentation of 5% maize mashes at 87° 

, Senes I and II 600 ml fermented mashes after 6 days Senes III 200 ml fermented 
mash after 7 days 



1 

II 

III 

% starch fermented 

82 79 

64 22 

48 09 

Titratable acidity 
(ml 0 1 N acid/10 ml ) 

6 89 

740 

6 25 


% on fermented starch 

Butyric acid 

9 14 

15 11 

22 88 

Acetic aad 

9 49 

11 88 

11 99 

Lactic acid 

6 49 

26 

— 

Formic acid 

0 08 

0 17 

— 

Acetone 

644 

1 SO 

0 19 

MoPropanoI 

1 81 

0 98 

1 41 

Butanol 

9 42 

8 12 

00 

Ethanol 

5 02 

7 17 

6 23, 

Acetylmethylcarbmol 

0 29 

0 28 

— 

Total neutral solvents 

21 98 

12 80 

7 83 

Table 5 Products of fermentation of 200 
after 7 days at 80° 

ml 5% 

maize mash 



I 

II 

% starch fermented 

61 85 

68 87 

Titratable acidity 

88 

88 

(ml 0 1 K acld/10 ml ) 

% on : 

fermented starch 

Butync acid 

25 46 

18 30 

Acetic acid 

13 35 

28 71 

Acetone 

0 71 

3 09 

Butanol 

8 00 

004 

Ethanol 

11 88 

0 15 

woPropanoI 

— 

0 78 

Total neutral solvents 

15 50 

16 00 


The results of the analyses show that the mam products of the fermentation 
of maize are butyric and acetic acid It is evident, therefore, that the organism 
cannot be classified as a true butyhc organism, more evidence on this matter 
IS given below, in the discussion of its systematic relationships 



A pink bidync acid Clostridium 207 

Butync acid and acetic acids are also the chief products of dissimilation 
of glucose. Fair amounts of ethanol are produced small amounts of butanol 
and shght amounts of acetone tsopropanol and acetylmethylcarbmoL The 
organism produces more ethanol m the absence of calcium carbonate. Com 
plcte fermentation of the glucose takes place when the acids produced are 
neutralized 

In interpretmg the above data for the identification of tlie new chromogen 
it will be observed that the organism has many characteristics m common with 
both the two closely related specific groups the butync group represented by 
CL hitlyncum Prazmowski and the so-called butylic group represented by Cl 
aceiohxdyhcum Weizmann including the two known chromogens CL felsxncum 
and CL roicum The new orgnmsra resembles more closely the former group m 
morphology and m producing butync acid rather than butanol but it is a 
gelatm hquefier and none of the true butyncs is known to liquefy gelatin. 
Since the hcpiefaction of gelatm has been used so far as a diagnostic feature of 
the butyhes, one cannot lightly consider the new organism as a pigmented 
vanety of Cl btdyncum^ nor is there sufficient justification for regarding it os 
a pigmented vanety of CL acetobtUyllcum 

COMPARISON WITH REI*ATED SPECIES 
To facilitate the identification of the pmk organism it is compared \rith 
the closely related butylic chromogens CLfelnnexm and Cl rosmm 
The sahent characteristics common to all three chromogens arc bnefly 
(1) pinkish to reddish pigmentation on nutrient agar (2) orange to reddish 
discoloration of maize and potato mashes (8) bquefoction of gelatin (4) the 
fermentation of pectm to a certain extent (B) pn^uobon of acetonev butanol 
butync acid and acetylmethylcarbmol 
The features that distinguish the new chromogen from CL felnneutn and 
CL rotetim are (1) its partial diastatic action in mR.i7.a mash, as against the 
complete diastatic activity of the butyhes (2) its appreciably lower yields of 
neutral fermentation products from carbohydrates (8) its inabihty to ferment 
in iilin (4) its failure to dismtegrate potato tissue, whereas Cl fdnneum 
completely digests potato tissue to a yellow shrae, producing abundant gas and 
a butyl odour andCZ roscum behaves similarly to Cl /flnncuTTi but forms a clear 
yellow hquid and bluish sediment (5) its inabilit> to reduce mtrates (0) it* 
optimum temperature of growth at 80* as compared with 87* for Cl ftlstneum 
and CL roteum (7) certam appreciable differences m pigmentation 
A closer comparison of the mdividual fermentation products provides 
further evidence of a difference between the three organism* Iq Tables 6 and 
7 the yields of the major fermentation products obtamed by the new organism 
W48 m a number of expenments are compared with those recorded for Cl 
roseum and Cl felttncitm (Kluy\ er strain) The fact that W45 is a poor solvit 
producer from maize mash is clearly shown 

The production of wopropanol and acetylmethylcarbmol is notewortliy 
W45 produces wopropanol from carbohydrates whereas according to McCoy 
end co-workers. Cl roseum and Cl fchineum do not. Van dcr Lck (1030) 

14-3 
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also working with the IQuyver strain of Cl fchincum, found Mopropanol 
m a few instances only McCoy and co-workers do'not record the production 
of acetylmethylcarbmol by Cl felsineum and Cl roscum, Van der Lek, however, 
observed its production from glucose by Cl felstnetm The new chromogen 
forms it too Besides the results recorded in Tables 8 and 4, three confirmatory 


Table 6 Fermeniaiton of 5% maize by W45, 
Cl roseum* and Cl felsmeum* at 87° 

W46 



' — 


A 


, 

Cl 

Cl 


1 

2 

8 

4 

5 

roseum 

felsmeum 

Total solvents 
ffi/I) 

1 38 

2 48 1 58 1 44 

Composition of neutral solvents 

2 19 

as % of 

117 12 2 

total solvents 

Acetone 

2 17 

707 

H 76 

8 48 

000 

27 0 

80 5 

Butanol 

82 01 

27 27 

48 40 

21 25 

58 81 

69 0 

00 4 

Ethanol 

66 22 

66 00 

44 70 

75 20 

41 19 

12 0 

90 

Pinal acidity (ml 

0 In acid/lO ml ) 

71 

79 

70 

78 

69 

84 

28 

Residual starch 
(iodine test) 

Present Present 

Present 

Present ! 

Present 

Absent 

Absent 


* Figures for Cl roseum and Cl felsmeum' token from Langlykke ct al (1085) 


Table 7 Fcrmentaiion of ycasi-glucosc by W45, 
Cl roseum* and Cl felsmeum* at 87° 

W45 



j 

, 

Cl rosetim Cl rosam 

Cl felsmeum 


1 

2 

strain 42 

stram 48 

stram 41 

Glucose fermented 

004% 

46 9% 

BO 5% 

40 6% 

79 0% 

Acidity (ml 0 In acid/lO ml 

) 04 

00 

0 85 

0 06 

0 70 


Neutral volatile products, ns 

% of glucose fermented 

Butanol 

49 

86 

40 

20 

14 4 

Ethanol 

87 

117 

86 

81 

1 8 

Acetone 

1 0 

00 

1 6 

1 0 

44 

isoPropnnol 

1 8 

2 1 

T- 

— 

— 

Total solvents 

10 4 

17 0 

0 0 

09 

20 0 

* Figures for Cl roseum 

and Cl felsmeum token from Langlykke el al 

(1085) 


finsk experiments were made with 100 ml of a 2% glucose nutrient medium < 
Two of the flasks eontaining calcium carbonate gave 8 4 and 6 5 mg and the 
third flask wthout calcium carbonate gave 8 2 mg of acetylmethylcarbmol 
Action on pectin The new chromogen definitely ferments pectin (see Table 2), 
a characteristic shared by Cl roseum and Cl felsmeum When grown on carrot 
wedges, the organism causes a marked disintegration of the tissue (PI 1 C 2) 
Definite signs of softening and rotting arc observed within 48 hr 

Dlicroscopic examination of the softened tissues reveals that a certain amount 
of separation of the cells has occurred, but that the cell walls are left intact 
On staining nith ruthenium red, the stain is m many instances localized in 
certain places and not evenly distributed around the cell walls This suggests 
that the pectic substances of the middle lamella cementing the cells together 
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are attacked bj the organism Potato slopes on the other hand show no signs 
of disintegration (PI 1 Cl) It is interesting to compare thisi mth certnm 
inoculation experiments earned out on potato and carrot slopes with strains of 
Cl pedmovorttm (Weumiann A. Helllnger 1040) Two of the strains brought 
about a slow but perceptible breakdown of the potato tissue, but the carrot 
slope was left mtact. 

The ability of the new bacterium to attack pectin is of mterest because of the 
claims made by vanous investigators that certam species of clostndia are the 
causal agents of rettmg Cl feltinettm is known to be a true retting organism 


Table 8 Comparative ineasuraneiiU of Wi5 CL roseum and 



CL felsmeum 



W45 

31 hr on malxe 

CJ. roseum 

24 hr on maize* 

CUfehinetnnX 


(/^) 

(/*) 

(>*-) 

Bods: 

Llmtts of tlse 

2 6-13-0 x05-Q-fl 

33-48x07-0-9 

8-0-6 -0 X 0-8-CH 

Average 

6-0x0 64 

89x08 


Clostridia 

Limits of tixa 

4-6-8-OXO-7-1-0 

6 8-8 8 X 1 1-1 5 



Average 

6 8x0-83 

0-7X1-4 


Spores 

limits of sixe 

2-O-a-4x0 6-l 1 

9 6-2 8x1 3-1 •« 

9 8x15-2 

Average 

92x0-66 

27x1 9 


Spore posHioo 

Sub-termiasJi 

Sob- term tnal 

Sub- terminal 


* McCoy & McOang • (1936) measurcnienU. 
t CarboQQ & TomoUto • (1917) meafuremenU. 


PtgtmnUUton The new clostndium generally produces orange-red colonies on 
yeast glucose agar but sometimes they may be famtJy pmk and deepen on 
standing under anaerobic conditions to a j>ale orange The colour is more 
intense at the centre of the colony where growth is thicker On first isolation 
colomes showed the most intense pigmentation After numerous subculturings 
the colour was less and appeared irregularly Some colonies develop pigmentn 
tion onl> after some weeks Pigment produebon however always occurs on 
maize on exposure to air the colour fades in nmize mashes Intermittent sub 
culbvabon from maize mash on to yeast glucose agar appears to intensify the 
pigmentabon 

Colonies of Cl roaexm on beef peptone glucose agar are stated by "McCoy 
& McGung (1085) to be orange red the colour darkens on exposure to air to 
almost black, and a purphsh pigment dUTuses into the agar for several milli 
meters from the colonies Accordmg to Ruschmann A Bavendamra (1025) 
colomes of Cl felsineum on carrot juice agar arc yellow red, and the colour 
darkens on standing in the air to a dirty grey brown and finally blackish brown 
A purplish colour is said to develop from the surface downward m maize cultures 
of Cl rouum left standing in the air 

Morpholcg^ Too much reliance should not be placed on the salue of a 
comparison of the morphological data summarized in Table 8 The rods of 
CL roseum and Cl felsmeum appear to be more regular than 45 whereas 
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W 45 appears to be thinner than Cl roseuvi Spores of W45 are smaller than the 
spores of Cl roseum and Cl felsinewm Ruschmann & Bavendamm (1925) 
observed that Carbone & Tomolato’s Cl felsineum produced, on potato mash, 
long threads which broke up into cell-chains of many segments, and also 
double and smgle rods This characteristic has frequently been observed with 
W 45 on various media 

Sporulaiton When subcultured several times at 87°, the new organism loses 
its ability to sporulate, but quickly recovers it at 30° This feature does not 
appear to be a characteristic of Cl felstiieum or Cl roseum 

Idenitty of tlie organism 

There is a certain resemblance between the new chromogen and the two 
butyl chromogens Cl felsineum and Cl toseum, but it is outweighed by the 
differences The new bacterium is a butyric organism, but it is unusual m that 
it possesses a gelatmase The organism is, therefore, recognized as a new 
Clostridium for which the name Cl aurantibutyncum is suggested 
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Some Properties of a Thermolabile Antigen of 
Erysipelothnx rhusiopathiae 

B\ A \V GLEDHILL 

Institute of Animat Pathology Cambridge 


SUMMARY The productloii of a thermotabOe, toniatio antigenic modification by 
growth of Erysipelothnx In media containing semrn has been demonstrated in vitro 
by agglutinin absorption methods and by pasaive protection of mice against m 
fectlom Suspcneiona produced by growth In serum media have been termed 
OL-suspenalons, to signify their posaesslng both the thermos table 0-antlgcn and 
a labile L-antlgen 

OU-suspenslon stimulated the production of Immune sera in rabbits which protected 
mice fullj against infection with the homologous strain and partly against Infection 
with the other strains tested* Such sera contained agglntinlns against the thermo- 
stable O-ontlgenj agglutinins against the thermo-labile L-antlgen and protective 
antibodies* The three types of antibodies apparently esist both ns separate molecules 
and united in the same molecule suggesting that the antlgenlo groups stimulating 
them exist united In the same antigenic molecules in the organism The bearing of 
thin suggested polyspeciflcity of the antlgenlo substance of Erysipelothrix upon 
previous work Is discussed* 


In a previous publication (GledhiU 1045 a) it was 8ho^v^l that most strains of 
Erytxpelctltnz may be assigned bj agglutmui-ebsorption methods to one or 
another of three groups the remamder for convenience, to a fourth group No 
thermolabile antigens were found and no qualitative differences between the 
groups were demonstrated, every stram tested being capable of absorbing the 
agglutinins from sera prepared against other strains It was shown sub- 
sequently (Gledhill 19456) that bactcnal suspensions prepared by killing 
centrifuged cultures grown m glucose broth, by heat or merthiolate, induced 
sera m rabbits which did not protect mice against lethal infection with 
Erysipelothnx, although they gave partial protection as judged by mcreased 
time of survival of the infected mice. On the other hand, hving bactcim 

produced sera that protected mice against lethal infection with the strains 

forimmimization It was not easy to absorb the protective antibody 

sera With bacterial suspensions which suggested that the protective ai^ > 
was an antitoxin* This explanation is not, however consistent e ac 

that hactenol suspensions will readfly absorb the protective ant^> from 
protective horse sera prepared m a similar way Moreover there no rec 
evidence that strains of Erusrpelothnx produce an exotoxm* 

The immunising suspensions were prepared by growing ® . 

broth. This paper reports the effect of growth m 
the production of bactena with thermolabile antigens 
bacteria killed with merthiolate produce m rabbits pro ^ 

con^pa^bl. in potency w.th the tens produced 

cultures The results suggest that the antigenic properties of hry pe 
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better explained by the hypothesis that its antigenic groups are present in 
single antigen molecules, rather than by the hypothesis that each reactive 
group represents a separate antigen molecule 

Methods 

The strains of E rhusiopathiae employed were of high virulence for mice 
Suspensions from these strams prepared by centrifuging glucose broth cultures 
and resuspendmg the deposit in normal salme contammg 1 2000 merthiolate, 
as previously described, are referred to as 0-suspensions Suspensions 
prepared by the same techmque from cultures in 1 % (v/v) horse serum broth, ' 
are called OL-suspensions, and usually consisted of a stram that had been 
subcultured dady in serum broth for about ten days 
Preparation of antisera To economize antigen, the immumzmg dose previously 
used m rabbits was reduced to approximately a quarter 

As will become evident later, it was important to know that the bacteria 
were in fact aU killed by the merthiolate This was tested by direct plating, 
discovered by trial to be in vitro the most sensitive method, and by mouse 
inoculation In the expenments described below all antigens are merthiolate- 
kdled unless otherwise stated 

Test of antisera Antisera were tested both for agglutmms and their power to 
protect mice agamst infection with a dose of virulent organisms having an 
opacity equal to that of 100,000 Boot colt per ml , which represents about 
2000 minimal lethal doses (m l d ) Absorptions were carried out for three 
days at room temperature The techmque of these tests was described by 
Gledhill (1945 a, h) 


EXPERIMENTAL 

The induction of an antigenic modification by growth in serum broth 

The antigenic modification induced by growth in serum broth is demonstrable 
by agglutinm-absorption and by mouse protection tests 

(a) Demonstration of antigenic modification by absorption of agglutinin 
A protective antiserum (A 78) prepared against viable group I strain 1224 was 
absorbed ■with the homologous 0-suspension The resulting absorbed serum was 
free from 0-aggIutinins, but agglutmated OL-suspensions An antiserum (984) 
was prepared against the merthiolate-killed OL-suspension of the group II 
strain EW 2 and absorbed -with the homologous 0-suspension This absorbed 
serum, free from O-agglutimns, also contained L-agglutmins (Table 1) It is to 
be noted that the OL-suspension of stram 1224 ivas not agglutinated by the 
absorbed serum 984 However, another serum (987), prepared m a different 
rabbit against the OL-suspension of the same strain EW 2 and absorbed with 
the homologous 0-suspension as m the case of serum 984, nas found to 
agglutinate the OL-suspension of 1224, the titres of this absorbed scrum against 
the OL-suspensions of EW2 and 1224 being 1 640 and 1 160 respectively 
The inability of absorbed serum 984 to agglutinate OL-suspension of strain 
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1224 suggests that the modification induced by growth m serum media may- 
be complex (see below) 

{b) Demonstration of antigenic modification by mouse protection experiments 
The above observations suggested that sera prepared against merthiolate 
killed OL-fiuspensions might be protective for mice m the waj that sera against 
viable cultures are protective A serum (904) prepared against an OL-suspension 
of strain EW 2 was titrated in mice infected 24 hr later with the usual dose of 
the virulent homologous strain A dose of 0 1 ml of serum protected all of 

Table 1 Tiires with OL-tuspensions of antiserum prepared (o) against living 
1224 and (&) against killed OL-sutpensions of EfV2 each absorbed with 
Its homologous O-ardxgm 


Antigen 

Group 

(a) Semm ATS 

(&) Scrum 0B4 

Ewa 

I 

1 80 

1 160 

1224 

I 

It 100 



Ru 

I 

ItlOO 

lilOO 

AES 

If 

It40 

ItlBO 

EW2 

n 

1 80 

1 100 

EWll 

m 

1 BO 

1 100 

V 

in 

itieo 

It 160 

1IEW22 

IV 

ItBO 

ItlCO 


Neitber •cram agglatliutted the coiTtspoadirtg O-cufpoulom 

BIX mice and a doae of 0-01 rah only two out of 8l\ mice Four control mice 
died In an average time of 2 8 days and six mice given 0 1 mb of a serum 
prepared against the 0 suspension of EW2 died m an average time of 5 8 days 
In further experiments doses of 0 1 ml of sera D84 and 987 prepared against 
different batches of E1V2 Olrsuspension were completely protective. The 
protective power of these sera were not, therefore, inferior to those described 
previously prepared against living bactena. The vahdity however of the 
conclusion that OL-suspensions shmnlatc the production of effective immune 
sera in rabbits rests on the assurance that no viable organisms remamed m the 
suspensions employed. For if even a few cells remained viable, the efficacy of 
the resultant immune sera could presumably be attributed to these. -The 
methods of stenhty testing were rigorous enough to exclude this possibihty 
Moreover O-suspcnsions killed in the same waj have never induced protective 
antibody m the rabbit {GledhiU, 1946 &) 

The lability of the anti^io modification 

(a) Thermolability It seemed possible that the antigenic modification might 
be thermolabile, in view of the well known difficulty of imraunixing pigs with 
heat killed -vaccines prepared m -various ways The thermolability of the new 
antigen was determined by following the consequences of heat treatment upon 
its agglutinabihty by L-antisera and upon its power to induce mouse protective 
antibodies in the rabbit. 

The agglutinating titre of serum A78 prepared against viable group I 
strain 1224 and absorbed -with homologous 0-suspension, -was determmed for 



214 A W. GUdkill 

five portions of a single merthiolate-killed OL-suspension of EW2 ma 
for ^ hr at 55°, 65°, 75°, 90° and 100° respectively None of the hea 
pensions was agglutinated at the lowest dilution tested (1 20), whe 
titre with unheated suspension was 1 80 
Similarly treated portions of EW2 OL-suspension were used to in 
rabbits The protective effect of the resultmg sera in mice shows that 
antigen is completely destroyed in ^ hr at 75° and largely destroyec 
(Table 2) 

Table 2 Tlie protective power of antisera prepared a^&inst merthiolai 
OL-suspensioris of EJV 2 heated to various temperatures 


Rabbit 

Treatment of immunizing 

Dose of 
antiserum 

Death-rate 

Average 
time to 
death 

no 

suspension 

(ml) 

(6 mice) 

(days) 

984 

Unheated 

01 

0/6 



984 

Unheated 

0 05 

2/0 

14 0 

980 

Heated to 55“ for 30 mm 

0 1 

8/6 

50 

980 

Heated to 55° for 80 min 

0 05 

6/6 

60 

900 

Heated to 65“ for 30 min 

01 

8/6 

0 7 

862 

Heated to 75“ for 30 nun 

0 1 

6/6 

62 


(b) Ethanol resistance A batch of growth was treated for 48 hr at room 
temperature with ethanol by the method of Henderson (1987) The ethanol was 
removed by centrifugation and the suspension, after washing three times in 
saline, was used to immunize a rabbit The serum in a dose of 0 8 ml 
completely protected six mice against the usual mfecting dose of organisms 
With a dose of 0 1 ml two out of six mice survived, the four d)ong in an 
average tune of 7 0 daj'^s as compared wth 8 3 days for the controls On the 
other hand, 0 1 ml of serum prepared by immimizmg another rabbit with 
merthioIate-kiUed antigen obtained from the same batch of growth failed to 
protect two out of six mice It appears tliat the antigen stimulating the^ 
production of protective antibodies m rabbits was not destroyed by the ethanol 
treatment 

It may be concluded from these experiments that the groivth of Erysipelo- 
thnx m the presence of horse serum mduces a somatic, thermolabile, antigenic 
modification, resistant to ethanol The somatic Vi-antigen, described by 
Felix & Pitt (1984) in virulent strains of the typhoid group of bacteria, is 
thermolabile and ethanol resistant Whether the antigenic modification of 
Erysipelotlmx by growth in serum resembles the Vi-antigen depends on the 
definition of Vi-antigens The antigenic modification, as somatic and thermo- 
labde, accords with the classical notion of Vi-antigen On the other hand, the 
antigenic modification of ErysxpelotJmx is not strictly associated with virulence 
since a number of strains of low virulence — for instance 1224 and EWll of 
Table 1 — produce it, although several rapid transfers in serum media may be 
necessarj' before its presence can be demonstrated Strams m the partially 
rough phase do not appear to produce it There is, however, no doubt that 
a smooth stram devoid of L-antigen as a result of growth m broth without 
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serum maybemducedtoproduceitbygrowthmthepresenccofserum Henec 
the presence of serum does not serve merely to hmder or prevent an irreversible 
antigenic degradation consequent upon maintaining cultures tn xntro In fact, the 
antigenic modification is mduced by the medium selected for growth 'Whether 
the loss of the capacity to produce the antigenic modification is reversible is 
however, a dificrent question 

The spectfiaiy of the anligemc modification 
In the expenraents so far described only sera against OL-suspcnsions of the 
group H strain El’V 2 were used The agglutination tests with absorbed sera 
shown in Table 1 suggest that the antigenic modification is not stram specific. 

Table 8 The cross protection qfforded by antisera 
prepared against OL-suspensions 
dose of sonmx was 0 1 pet mouse. 

All IS controls dkd la overaffo time* of 8 3 days for E^V B and 8-0 day* for each of Ilu and \ 

Protective aemm A\'crage 

t * s time to 


Rabbit 

Prepared 

Infecting 

Death rate 

death 

no 

agmloft 

■train 

(5 mice) 

(day*) 

O&l 

EW2(ID 

Hu(l) 

1/5 

5-0 


*• 

mvE m) 

0/5 

— 



V(tU) 

3/5 

05 

ASM 

Ru(I) 

Ra (I) 

0/5 

— 



EWS (U) 

8/5 

78 



V(in) 

1/5 

lOO 

A6 

von) 

Ra ID 

1/5 

30-0 



EW 2 (U) 

2/5 

10 8 



\ (ro) 

0/5 

— 


It is to be expected that the protective power of such sera would likewise be 
species specific, especially since sera agamst viable cultures arc not strain 
specific. To test this point sera w e r e made agamst the OL-suapensions of the 
group I stram Hu and the group HI strain V in addition to scrum 084 against 
the group H stram EW2 Strains Ru and V were chosen because they were 
highly virulent for mice and therefore suitable for infecting the test mice and, 
with EW2 represented the best stable antigens of all three groups The 
protective power of the sera is sbovn m Table 8 It is clear that the cross 
protection by these sera is inferior to the protection by sera against the 
homologous strain and especially so in the case of the serum prepared against 
stram Ru. Nevertheless, that there is some degree of cross protection is 
evident when it is recalled that the infecting dose was about 2000 if l.d and 
that mice receiving anti O sera do not survive infection with such a dose of 
virulent organisms For example, of forty five mice mjected with sera of this 
kmd, forty three died In an average time of 4 7 days the two survivors being 
from on experiment m which the virulence of the infecting organisms was 
somewhat reduced, judged by the time of survival of the controls This 
imperfection of the stram specificity of the antigemc modification again 
suggests that it may be complex. 
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The complexity of the antigenic modification 

The following experiments suggest that the antigen is dual in that it 
stimulates in rabbits agglutmms and protective antil^odies, which can occur 
m antisera as separate particles 

Serum 984, prepared against the OL-suspension of strain EW2 (11) and 
absorbed with the homologous 0-suspension, agglutmates OL-suspensions but 
not 0-suspensions of other strams (Table 1), but was unable to protect mice 
against the usual dose of homologous infecting organisms On the other hand, 
absorbed serum 987, prepared jn the same way as 984, agamst the same strain 
EW 2, not only agglutinated OL-suspensions but gave a significant measure of 

Table 4 Agglutinin content and protective power of antisera absorbed with 

0-suspensions 

The dose of seruift was 0 1 ml per mouse 

All the 16 controls died m an average tune of 8 4 days 





Aggluti- 






natmg titre 






of absorbed 






serum 


Average 


Serum 


against 

Death- 

time to 

Rabbit 

^ 

> 

EW2 0L- 

rate 

death 

no 

Prepared against 

Absorbed with 

suspension 

(6 mice) 

(days) 

984 

EW2 OL-antigen 

EW2 0 antigen 

1 160 

6/5 

SO 

987 

EW 2 OL-antigen 

EW 2 0-antigen 

1 640 

2/5 

10 5 

808 

E W 2 viable 

EW2 0 antigen 

>1 10 

0/6 

— 

A 73 

1224 viable 

1224 0-antigen 

1 160 

4/4 

80 


protection to mice Serum 868, prepared agamst viable EW2 and absorbed 
with the homologous 0-suspension, failed to agglutinate OL-suspensions, yet 
gave good protection to mice, and serum A273 agamst viable 1224 did not 
protect mice after absorption with the homologous O strain, although it 
remained capable of agglutmatmg OL-suspensions (Table 1) The details of 
these experiments are shown in Table 4 Moreover, when the strain EW 2 is 
grown in rabbit or pig serum broth, the growth, like that m horse serum broth, 
IS agglutinated by absorbed OL-antisera Yet it did not induce protective 
antibodies for mice on injection in the rabbit (Table 5) This result also 
suggests that the modification induced by growth in serum media is complex 
It is of interest that the Vi-antigen of Salm typhi appears to be similarly 
complex in that antisera to formolized broth cultures of Vi typhoid bacilli 
* agglutinate virulent tj^phoid bacilli although conferring very feeble protective 
poivers upon mice (Felix & Bhatnagar, 1935) Nevertheless, antisera to living 
virulent typhoid bacilli contain both agglutmatmg and protective antibodies 
Since protective antibodies appear to be distinct from specific agglutinins for 
OL-suspensions, the fact that the agglutinogen is attached to the organisms 
does not entail that the antigen inducing the protective antibody is so attached, 
it might exist in solution m the suspendmg fluid However, the bulk of the 
antigen appears to be attached to the bacterial bodies, for ethanol-treated, 
washed bacteria will induce protective antibodies in a rabbit This hypothesis 
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has beca, confirmed in a number of experiments in which the bacteria were 
treated chemically with a view to hbcrating the antigen the bulk of the 
antigen remained attached to the killed organisms as shown by the superior 
antigenicity of the treated organisms as compared with the supernatant fluid 
from the treated suspension 

Table 6 Protective porcer of antisera prepared against suspensions grown 
tn media containing horse rabbit and pig serum 

The do*e of ■erum wa* 0-1 mL per mottie 

All 15 controls died In an a\'eragQ time of 8 S days 

The suspensions used for preparing the three sera were all agglutinated to the same titre 
(1 160} by serum 0S4 absorbed with the bomologoos 0-antlgen 


Habltt 

Protective serum 
against antigen pre- 

Death rate 

A\*eTage time 
to death 

no. 

pared by growth tn 

(5 mice) 

(days) 

084 

1 % home serum 

0/5 

— 

A6 

I % rabbit serum 

615 

5 0 

AlQ 

1 % pig serum 

5/5 

lOHJ 


DISCUSSION 

Reasons have been advanced for assuming the complexity of the thermolabflc 
somatic antigenic modification of Brynpeloihnx rhimopaihiae induced by 
growth in serum media The immunological data upon which this assumption 
is based are summarized m Table 6 From the absorption experiments it 


Table 6 Simmary of the results of the immunological tests 

Reddnol antibody effect 



Natore of 



Agglutinin 


inununlxing 

Absorbing 


/ 


Serum 

fuspensioTi 

sospendoD 

Protective 

L 

O 

Prerloas paper 

Living cells 

Nfl 

+ 

nt 

+ 



O 

+ 

nt 

— 

Prevtoui paper 

0 

Nn 

- or ± 

nt 

+ 

ATS 

Living cells 

NU 

+ 

+ 

+ 



O 

— 

+ 


084 

OL 

Nfl 

+ 

+ 

+ 



O 

— 

+ 

— 

087 

OL 

NO 

+ 

+ 

+ 



O 

+ 

+ 

— 

888 

Living cells 

NO 

+ 

+ 

+ 



O 

+ 

— 

— 


ntwDot tested. 

would appear that the thermostable O antigens arc sometimes capable of 
absorbing the majority of the L-agglutimns (scrum 863) and are sometimes 
capable of absorbing the majoritj of the protective antibodies (sera 084 and 
A78) If it is assumed that non specific absorption did not occur then some- 
times most of the agglutmins for OL-suspensions appear to be associate with 
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the 0-agglutinms and at^others it is protective antibodies that appear to be 
associated with them On other occasions neither the agglutmms for OL- 
suspensions nor the protective antibodies are associated with the O-agglutmms 
It IS generally believed (see e g Dean, Taylor & Adair, 1985), that the com- 
ponents of a mixture of antigens stimulate antibody production independently 
of each other On the other hand, following the work of Heidelberger & 
Kendal (1934), it has been suggested that a single antigen molecule, possessing 
more than one kmd of reactive group, can give rise to antibody molecules 
specific for one group only, for some, or, for all the groups (Marrack, 1938) 
Generally speakmg, antibody molecules of all these kinds would be present, 
the quantitative distribution of each bemg subject to wide variation Certainly 
prolonged immunization tends to the production of antibodies of less sharp 
specificity (see Burnet, 1941) It is not clear, however, whether the explanation 
of this obsen’^ation is that antibodies with more than one distmct specificity 
tend to be produced by prolonged immunization or that for other reasons 
a single specificity tends to be broadened If the former, the results of the 
experiments described suggest that the antigenic group stimulating agglu- 
tinins against OL-suspension, the antigenic group stimulatmg protective 
antibodies and the thermostable antigemc groups are all united m single 
antigen molecules upon Erysipehthnx organisms In the bght of this 
hj'pothesis, the fact that protective antibody is easily absorbed by O-sus- 
pensions from horse antisera to xnable bacteria and yet not completely 
absorbable from rabbit antisera to viable bacteria (see Table 5) can be explained 
as follows The two sera differ m the concentration of protective antibody 
molecules as compared with that of dispecific antibody molecules capable of 
reacting with the thermostable 0-antigens and of conferring protection In 
horse immune sera, the polyspecific antibodies presumably predominate, 
monospecific antibodies predommating in rabbit immune sera The reasons for 
the difference m concentration of the two kmds of antibody m horse and rabbit 
antisera are more obscure Horses are not so easily hypenmmumzed against 
E rhusiopathiae as rabbits are, and require a more prolonged course of mocula- 
tion, ivith the result that polyspecific antibodies are likely to be produced 
more abundantly Alternatively, it might be supposed that growth in serum 
medium produces a thermolabile antigenic modification without involving the 
production of any new antigemc groups Antisera against such a modified 
antigen would contain some antibodies of sufficiently wide reactivity both to 
confer protection upon mice and agglutinate 0-suspensions, others would 
confer protection and agglutinate OL-suspensions, not 0-suspensions , others, 
again, would only confer protection According to this hypothesis, the fact that 
the protectiv^e power of horse immune sera can be absorbed by 0-suspensions, 
w hereas that of rabbits cannot, would result if horse immune sera contained 
a greater proportion of antibodies of wide reactivity than do rabbit sera No 
discrimination between these hypotheses is possible other than by determining 
the differences of chemical structure between purified 0- and L-antigens In tlie 
absence of an\ real basis for such a discrimination, the former hypothesis is 
to be preferred m that it justifies the postulation of thermolabile L-antigenic 
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groups whcrcfls the latter hypothesis \v'ould require that OL-suspensions 
should differ jfrom 0 suspensions m an unknown manner leading to difllculties 
hi exposition For example, the notion of bacterial growths in serum media as 
contammgO+L antigenic groups would be mvohd Both hypotheses however 
imply that the production in rabbits of all the types of antibodies under 
discussion is not stimulated by a niunber of separate antigenic substances m 
each organism 

In regard to the difHcultv previously experienced of completely absorbing 
with Irving suspensions the antibodies m rabbit sera prepared against such 
suspensions, it is to be noted that the absorbmg suspensions were obtiuned 
from glucose broth cultures and would not possess L-antigem The question 
whether the thermostable 0 antigens mvestigated previously occur m the 
organism os separate antigen molecules or whether they are associated with 
other antigens on the same molecule, does not modify the conclusions pre- 
viously reached about the relations between the O-ontigens of different strains 
of Erysipelothnx except perhaps verbally 

The nature and causes of the antigenic modification offers an mterestmg 
field for inquiry Does serum globulm itself or some other constituent, mduco 
the modification? It is noteworthy that the modifications mduced by rabbit 
emd pig sera differ from those mduced by horse serum in their apparent 
inability to produce protective antibodies. The difference resembles the 
differences of virulence of organisms induced by postage in different species of 
animals Hence a knowledge of the nature of the serum induced modification 
might have some bearing upon the wider question of the variations in virulcncfe 
of strams of E rhunopalktae The observation that viable organisms grown 
m glucose broth, centnfuged and suspended m serum do not acquire the 
If-antigenlc modification and the fact that the antigenic modification is best 
produced by several rapid subcultures m serum media suggest that active 
mulbphcation is necessary for the production of the L-antigen. Finally there 
IS the question as to whether the loss of the capacity to modify when grown in 
scrum can be correlated with the S -*-R change and whether such loss is 
reversible The possible bearing of the answers to these questions upon the 
epidemiology of the disease in pigs and other ommals is obvious. 

From the more immediate practical standpomt, the possibility that killed 
Olf-suspensions might prove successful m the active immumaation of pigs 
against swme erysipelas is of some importance, since such vaccines would be 
safer and more economical than the simultaneous administration of living 
bacilli and immune serum used at present. 
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The Preparation of Microtools for the Mlcromanlpulator 

Bi A. a THAYSEN and A. R. MORRIS 
Colonial Microbiological Baeareh Imlllule, Trinidad British West Indies 

SUMJtARY Toob required for Uie more delicate processes of mlcromanlpiilation 
are not commercially available and citing equipment for tbeir making Is expensive. 
Some cheaper equipment is described coropris^ a gas forge and an electric forgo 
which together sufDce to prepare the tools needed for Isolating single cells, for 
Injecting and dissecting livmg tissue and living cells, and for determining their 
electrical potential 

A simple hanging-drop mlcromanlpulntion oliamber Is described. 

Though a conaidemble amount of information is available on the technique of 
Ducromanipulation notably m American and German pubbcations only those 
of Schouten (1984) and de Fonbrune (1987) give a detailed accoimt of the 
equipment needed for making the tools used in the more delicate processes 
of micromampulation, the dissection of cell struotures and the injection of 
hquids into Inmg microscopic cells As neither of these pubbcations is readily 
accessible, our observations on this subject may be of interest. Our methods 
for making microtools are baaed essentially on the work of both Schouten and 
de Fonbrune but ore ffimpllfled by the use of a more stondardired equipment, 
which should be cheaper to construct tbAn the forge designed by de Fonbrune, 
The design of one of the most frequently used manipulators is based on the 
work of Chambers, whose paper appeared m 1922 Schouten s work on micro- 
raampulation to the perfection of which he has devoted most of his Bcicntiflc 
life was b^un ns early ns 1899 making him the undoubted originator of this 
fosematmg technique, which to-day has acquired great importance in the 
exploration of the genetic behaviour of micro-organisms. 

The preparation of the microtools requires two forges one heated by gas 
the other cJectncally 


The coiigimctton of the gas forge 

The gas forge consists of a bar or bed 11^ in. long by | m square, mounted 
on supports, upon which are placed two sliding members and two fixed 
supports. It Is made of brass and where convenient, all joints are silver 
soldered 

Text figs 1-8 show the general arrangements of the forge the enlarged 
views show the construction of the sliding members and the supports 

The spring loaded head (Text fig 8) is the most important part of the 
instrument. It consists of a tubular section 8 in. long housing the spring and 
stem for applying tension to the glass tube. The whole head is movable along 
the bar or bed to the extent allowed by the slot B (Text fig 8) and is fixed 
m its required position by the knurled screw A (Text fig 2) 


OMI3 


15 
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The spring is approximately 3^ m long and consists of 60 turns of no 11 
m w g vare vround on a -g^ in former The stem is a diameter rod with a 
^ m diameter head, screwed at the opposite end to cany the chuck A (Text- 
fig S) At its tip the chuck is provided with a shallow counter-sink to centre the 
glass tube when it is attached with sealmg wav 



Text-fig 1 



EuSIZSdLdS'" 

Common to Figs 1 
and 2 


The two fixed supports (Text-fig 4) are secured to the bar by counter-sunk 
screws and are m two parts, the fixed central pillars, and the knurled outer sleeves 
The central pillars have a U-shaped groov^e at the top of vhich rests the glass 
tube The knurled outer sleeves haA^e a bayonette clip arrangement at their top 
edge and shde freely on the central pillars The top edge of the slee\ e is located 
just below the root of the U-shaped groove m the central pillar TlTien the glass 
has been placed m the grooA es the outer sleeves are lifted and rotated The glass 
tube is then engaged in the baj'onette clips The weight of the sleeve is sufiicient 
to steady the tube for further manipulation 

The other shdable member is the adjustable table (Tevt-fig 5) Its sliding 
movement is limited by the length of the slot B (Text-fig 2) cut through the 
bar, and by the screw which passes tlirough the slot into the base of the table 
The table can be flLved where desired by the knurled screw C (Text-fig 2) 
Rising or falling adjustment to the table is made b3’^ screwing the table up or 
down on the stem C (Tevt-fig 5) A verA-- small amount of moA emcnt is needed, 
in fact once the table has been set at the correct height further adjustment is 
not necessarA’ unless the glass tube is bent or of some special shape 

As shoAvn the table is spring-loaded This is not absoluteh necessarj', but it 
adds greatl.v to the stability of the table 
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The gat mtcrobtimer 

The raicrobumer is a simple burner havmg as its chief feature a verv small 
]et. Some elaboration has been made m the construction of the jet and has 
proved ■worthiyhile The burner is built up in brass and silver soldered the 
large diagram (Text fig 6) shows the construction m detail The jet A (Text 
fig 6) is screwed into the stem B and seats on the corneal face C to form a seal 
below the hole D The screw B with the needlepoint^ has a groove cut in it to 
allow the gas to pass up to the valve seat F where it is restricted before passing 
on to the small hole at the tip This construction provides a means of regulatmg 
the size of the flame The adjustment to the workers need is soon found 
Below the screw B is a small plug of cotton wool to filter the gas and prevent 
any foreign particles entering and blocking the jet. 



Text fig 3 






Central 

pfiUr 

Knuried 
otrter aleere 




Text fig 4 


Common to 
Flgt. &-0 



Text fig C 


By unscrewing the jet from the conical face C for a few moments air 
trapped in the Imc is allowed to escape by the hole D This makes it possible 
to light the burner almost imm ediately on turning on the gas. If this is not 
done, the time required to get nd of anv air through the jet is considerable. 
It Will be noticed that it is not necessary to make provision for primary air 
with this burner 

The size and general construction of the burner can be made to suit the 
mdividuol worker the only detail of importance is the size of the final hole m 
the jet which should be in the order of 0*01 in. 

The gas forge is needed to reduce the diameter of the commercially available 
glass tubing as a first step m the fashioning of microtools. The original diameter 
of this tubing IS governed by the sire of the holder of the microraanipulator 
(PL 1 fig 1) mto which the glass tubmg carrying the final microtool has 
eventually to be fitted. 

When the gas heated forge is used, a length of commercial glass tubing 
usually of soft soda glass and of a diameter suitable to be held in the mam 
pulator holder la placed on th e two central pillars of the forge. One or both of 
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these IS then locked The two ends of the tubmg' are next sealed with sealing 
wax to the spnng-loaded head and the surface of the table When the sealing 
wax has solidified, tension is brought to bear on the glass tubing by moving 
the table to the right and clamping it there by means of the appropriate screw 
This movement contracts the sprmg withm the head This, m its turn, can be 
moved in a horizontal direction to increase the tension on the glass tubing if 
needed 



The microbumer is now applied to the glass tubing, between the head and 
the first pillar and the glass is softened until the pull of the contracted spring 
m the head overcomes the tension of the glass 'When tlus point has been 
reached the recoiling spring elongates the glass tubing to an extent iihich 
depends on the recoil of the spring and on the temperature of the glass 
The glass tubing is next cut vath a pair of scissors at its narrowest point and 
lifted from the table The end covered with sealing wax is broken off and tlie 
fracture trimmed in the microbumer When cool the tube is inserted and fixed 
m the manipulator holder and is then ready for the making of the more 
delicate microtools 

An illustration of some of these tools is given in Text-fig 7 A detailed 
description of making these tools is given below Coarser pipettes and tools 
for fracturing sporangia can be made wholly in the gas forge, the more delicate 
microtools only in the electrical forge 

The electrical forge 

The component parts of the electncal forge are shown in Text-fig 8 
The platinum filament, inserted in an insulated holder, is designed for 
clamping to one of the two manipulator hands, since the finer microtools arc 
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made entirely under microscopic control The heater Is wed to a 12 V trans 
former and to a resistance by which the current to the dloment is regulated 
The insulated holder consists of a brass rod on which is mounted an ebonite 
block A, and an ebonite guide B both of which are drilled to accommodate the 
conductor rods of the platinum filament. The holes m the guide block B allow 
the conductor rods which are of 16 a w g copper wire to shde through freely 
and pass on through the holes m the terminal block A In the terminal block 
the holes are of such clearance that when the terminal studs 1 and 2 are locked 



knUe 

Text-Cg 7 Gloss mkrotools. 


and the knurled clamping screws B are adjusted, the conductor rods arc 
held between thenu The glaas tube C protects the copper conductor from 
accidental contact with the manipulator The platinum fllament is easily 
constructed, very robust, and convauent to handle The two 16 s^w g copper 
conductor rods D are flattened at one end to about half their thickness for 
a distance of approximatdy iV dipped to neat spear pomts They arc 

inserted mto the holes drilled m the smaU ebonite block 6 and the flats of the 
spear pomta set m the same plane and at the requisite distance from the block. 
A small blowpipe flame is carefully applied to the copper rods at a safe distance 
from the ebomte The heat conducted along the copper wiD soon cause the 
ebonite round the copper to melt and at that point the heat is carefuU\ 
quenched m water "V^en cold the copper rods will be found to be securely 
anchored in the ebomte which forms a very convenient gnp when handling 
the completed filaments 

All that now remains to be done is to solder the platmum wire filament E 
on to the conductors The filament is 0 20 mm wire, 10 mm long it is attached 







226 


A C. Thaysen and A R Morns 

■witli ordinary tinman s solder Although the solder does not readily wet the 
platmum, a sound connexion is easdy achieved Work can he done vath the 
filament at almost white heat without fear of melting the solder since the 
heavy gauge of the conductors quickly dissipates the heat 

Considerable skill is required to weld the tip on the filament to form the 
anvil illustrated in Text-fig 8, F and G After the filaments have been 
constructed the tip is hammer welded as follows 

A piece of platinum wure 1 in long is soft soldered to a 3 in length of 16 s w g 
copper wire to give it some stabditj^ and to make manipulation easier The 



completed filament and the 1 in length of platinum wire are set up for 
welding on a steel plate, preferably hardened and polished When the filament 
IS laid on the steel plate the ebonite block -will prevent the platmum from 
touching the surface of the steel As the distanee betv'een the platmum wire 
and the plate is too great it should be reduced to about ^ m by gently bending 
the wire dovmwards Tlie tip of the 1 in length of platmum ivire is now care- 
fully laid on the top of the platmum filament at the point where the weld is to 
be made, notmg that the ^ in gap between platmum vire and steel plate is 
retained Small metal blocks may be used to hold the parts m their correct 
position during the subsequent welding operation 

A small hot blowpipe flame is next directed on to the point vhere the weld 
IS to be made and, the correct Aveldmg temperature having been reached, 
a carefully directed tap %vith a small hammerpomt completes the union All 
that no'n remains is to snip off the anvil tip at the correct length, approxi- 
mately 3 mm , the remainder of the 1 in length of platinum v ire can be used 
to produce more an^^Is 

^^’hen the electrical forge is to be used, its heater is first clamped into 
position on one of the manipulator’s t^^o hands, for right handed workers 
preferably in the right hand of the manipulator 
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In the left hand is inserted a holder -with drawn out glass tubing The tip of 
the glass tubmg and of the platinum filament are next centred opposite each 
other and dircctlj under the low objective of the microscope so that they may 
be vie\Ned simultaneously while the tool is being shaped A magnification of 
approximately x 100 is convenient for the fashioning of most tools 

The filament of the heater can be replaced by others of different sire or 
design They include types which hold a glass or metal bead at their tip and 
others anvils \ntha8hortplatmumrodweldedtotheirtip(Text fig 8 FandG) 
The latter 8er\ e ns anvils in the making of microloops and in moulding the 
base or handle, of most microtools used In hanging-drop preparations Metal 
and glass beads can be fused to the filament by heating it to a bright glow 
and touching a thin metal or gloss rod with it. The glass or metal will melt and 
collect as a droplet at the tip of the filament. The ensemble for makmg 
microtools is set out m Ph 1 fig 2 

Microne€dl£s 

A plotmum filament, holdmg a glass bead at its tip Is inserted mto the 
heater and centred opposite the drawn glass tubing within the low power 
optical system. 

By adjusting the resistance of the electneal forge the glass bead is softened 
to the consistency of thick treacle. The glass tubing m the left hand of the 
mampulator is now moved towards the molten glass bead and fused to it. 

The two manipulator hands are next moved away from each other m a 
horizontal direction The pace of this movement, which can be learned onlj by 
expencnce must be such that the glass rod withdrawn from the gloss bead by 
the pulling movement is mamtolned at a uniform diameter The temperatures 
of the bead and the rate of pull will govern the diameter When the right length 
of ^oss rod has been withdrawn, the heat is cut off The pull exercised on 
the rod by contraction of the cooling glass bead is normally sufficient to 
fracture the glass rod at its pomt of least resistance, that is nearest the glass 
bead if care has been taken to draw the glass rod slightly thmner at this 
point. When the coohng gloss bead does not exercise sufficient puU the break 
IS made by an extra pull from the two manipulator hands The resulting rod 
serves as the handle of the needle. The needle point Is made by remelting the 
glass bead and fusing the handle and the bead, A sharp pull of the manipulator 
hands draws the handle mto the needle pomt. It is now ready for use If a 
straight instrument is required For work, on cells suspended m a hanging 
drop and sealed from evaporation by an overlying layer of liquid paraffin the 
handle of the needle must be bent to on auglc of ap>proximatel> 45 followed 
by a deflection of the needle itself almost back to the horizontal (Text fig 7) 

An anvil IS inserted m the heater in place of the U shaped pjatinura filament 
and the heater clnmj>ed m the right mampulator hand m such a waj that the 
upright piece of platinum wire — the actuo! anvil — is centred in the microscopic 
field just below the handle of the needle. Its top should be some 5/i, higher m 
the optical field than the handle The anvil is heated to a temperature high 
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enough to soften the glass of the handle without melting it, and is brought 
carefully into contact with it The anvil should be sufficiently sturdy to with- 
stand deformation when pressed against the softening glass handle The 
required pressure is obtamed by moving the screw of the right manipulator ' 
hand governing the optical upward movement and at the same time turmng 
the screw of this hand responsible for the optical forward and backward 
thrust As a result the anvil wiU slide slowly forward and backward along the 
lower side of the handle, gradually warmmg and softenmg it At the same 
time the pressure of the anvil exercised on the handle will force the softening 
handle upwards and out of the straight position When the handle is correctly 
bent the anvil is moved from below the handle to above the base of the needle 
pomt and is brought into contact with this side of the needle to bend it back 
towards the horizontal The procedure now is exactly the same as before except 
that greater care must be taken m the application of heat and pressure to the 
thmner needle 


Microloops 

\ 

A handle is made as described for needles The tip of this handle is fused to 
the glass bead to make a second, shorter and thnmer handle This should have 
a length of 40 or 50/i , it is broken off i^m the bead by switching off the 
current 

An anvil is now centred m the microscopic field immediately opposite the 
tip of this rod The top of the anvil should rise no more than 1 p above the 
optical height of the short rod The anvil is gently heated and the short glass 
rod thrust forward against it by a rapid movement of the appropriate left 
mampulator hand, until it hits the anvil If the latter has been sufficiently 
heated, but not overheated, it will be found that the tip of the short rod bends 
slightly upwards or sidewards By repeating the forward thrust of the left 
manipulator hand, the tip of the short rod gradually shapes itself into a loop, 
the diameter of which is governed by the heat applied to the anvil and by the 
vigour of the thrust Once the loop has been closed, the holder m the left 
mampulator hand is rotated imtil the loop is viewed sideways and the anvil 
IS moved below the thicker handle where it is used to bend the handle as already 
described for microneedles 


Mtcrohmves 

The procedure for microknives is the same as that for microloops, up to and 
including the drawmg out of a thin glass rod at the tip of the handle This rod 
should not be more than 12-20p long The two bends in handle and thinner 
rod are next made with the an\ul 

The holder of the glass tubing is then rotated m its clamp imtil the thin glass 
rod is Mcved horizontally m the optical field The anvil is replaced by a 
filament with a glass bead and this is fused to the thin glass rod By a sliarp 
pull the thin glass rod is separated from the molten bead, leaving at its tip a 
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short and cxceedmglj fine rodlet. The diameter of this rodlet which should 
not exceed Qfi is usually less than 0 l/i, at its end point, and is sharp enough 
to cut the cell membrane of yeasts and bacteria 


MtcroptpfUea 

JGcropipcttcs are drawn out to the desired diameter m the gas forge by 
moving the adjustable table as far to the right as the contractable spring will 
allow and by heating a wider area of the glass tubing than usual, A hot flame Is 
usually required Recoil of the spring draws out the pipette The tip of the glass 
tubmg 18 severed from the raicropipette whicli is next shaped m the electrical 
forge. The holder with the straight pipette is clamped in the left manipu 
lator band and the heater with a U-ehaped filament in the right. Both pipette 
and filament arc now centred m the microscopic field the heater well below 
the optical plane of the pipette and some 40 /i. to the left of its tip The 
filament is heated sulBciently to soften the glass of the pipette at the desired 
point and to allow the last 40^ of the pipette to drop downwards until the 
desired angle is formed. Then the current is cut and the pipette raised withm 
the optical field by rotating its holder until the bent port is viewed in the 
optical field m a more or less \ertical position 

The filament is now moved below the atem of the pipette some 80/x. behind 
the bend and some 40/i, below it, and heated guJflcicntly to soften the glass of 
the pipette. The softened tip of the pipette is allowed to sink towards the 
heater until it is almost parallel with the stem when the current is cut 

Mtero^Udrodes 

For making a micro-electrode a fine gauge copper or platinum wire of 
approximately 0 1 mm diameter is first passed through the aperture of 
a standard size glass tube, which is then sealed to the head and the table of the 
gas forge. The wire at this end should be long enough to allow for the extension 
of the glass tubing dumig drawing and to leave enough for an dectneal 
connexion. 

\Vhcn the glass tubing and the wire ore inserted m the gas forge and tension 
apphed by shding the table to the right, the glass is heated m the rmcroburner 
and drawn out in the usual manner Instead of cuttmg the head end of the 
drawn tubing with scissors os with other microtools the whole of the glass 
tube IS lifted from the forge, and the glass at the constricted end broken by 
gentle tapping with a pocket knife. The fragments of glass are removed from 
the exposed wire, the latter firmly sealed to the remaining tip of the glass 
tubing and all but the last 80 to lOOp. of the exposed wire cut away 

The electrode is now inserted into the left-hand manipulator holder and 
optically centred opposite a U shaped filament heater At the tip of this 
filament has been fused a bead of tm or solder 
\Vhcn the electrode and the filament have been centred, the metal bead is 
melted and the wire fused to it. By raamtainmg the metal bead at a suitable 
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temperature and by withdrawing the end of the electrode from it m a 
horizontal direction a metal rod is formed at the end of the wire, which can be 
drawn out into a point fine enough to penetrate a living cell 

The bending of the wire and its point into shape for work in the hanging 
drop IS done without the application of heat with the anvil as described for 
making microloops 

It remains to be added that, before a glass microtool is used, it should be 
stenhzed by dippmg mto concentrated sulphuric acid, rmsing m sterile 
distilled water, immediately transferring to concentrated ammonia, specific 
gravity 0 SSO, and agam washing m sterile distilled water 

Hanging-drop chamber 

Though not strictly a microtool it is appropriate to describe the type of 
chamber used by one of us (A C T ) for work in hanging drops It differs m 
several respects from the chambers usually recommended and offers greater 
freedom of movement 

The chamber consists of a microscope shde 3 x 1 in to the centre of which 
IS cemented an aluminium cylinder, 20 mm lugh and 20 mm in diameter The 
metal is 3 mm thick Three slits are cut in the upper rim of the cylinder to a 
depth of 15 mm , one slit is 12 mm wide and two, facing each other at the side 
of the ■wider slit, are 8 mm m width 

The base of the cylinder is joined to the microscope slide -with sealing wav 
or paraffin wav and its top edge covered with a thin layer of vaseline 

In use the chamber is inserted into the moving stage of the microscope so 
tliat the major sht faces the light source, and the two side slits the two liands 
of the manipulator The chamber is centred under the optical system of the 
microscope, and a microtool in its holder is inserted into each side sht of the 
chamber and clamped to the left and right hands of the manipulator The tools 
are next focused in the centre of the optical field by movements of the manipu- 
lator Iiands For certam work, such as the isolation of a single cell, only one 
microtool is required For other, such as electrode work and the perforation or 
dissection of a cell, two and sometimes three tools are requued When three 
tools are needed, the third is inserted through the slit facing the source of 
light, and an extra manipulator hand -n'lll then have to be provided The 
height of the chamber makes it difficult to focus the light source on the hanging 
drop, but sufficient light can be obtained by a 100 c p lamp passing through 
the Abb6 condenser to make it possible to Avork with a 4 mm objective Cells 
of the organism with -which it is intended to work are suspended in a lianging 
drop on a covershp of appropriate dimensions and thickness 

It is important first to clean the coicrslip carefully before use Before 
placing the hanging drop, or drops, on the underside of the covershp a trace of 
A aselme is rubbed o^ cr this surface and as far as possible cleaned off again 
Avith a clean cloth, free from fluff Complete removal of the vaseline is not 
possible bj, such treatment, and is not desirable, for sufficient should be left 
on to prcAcnt the edge of the hanging drop from running Schouten (1034) 
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recommends the tnglyceryl ester of hmne acid for this purpose and states that 
it 13 better than ■vaselme hut, like Barber (1914) the writers hare always 
found ^^asel^ne satisfactory 

For the isolation of a single cell at least two minute hanging drops of 
a suitable nutrient medium arc placed on the greased underside of the fl^cd 
covershp, about 0 5 mm from each other A very fine platmum loop is used 
and each droplet should not exceed 50/*, in diameter B^ore the droplets have 
time to evaporate a trace of fresh culture of the test organism is t ransf erred 
to one of the droplets and partially mixed with the medium m the droplet. It 
IS important that parts of the droplet should be free from cells ^Vhen the 
mixing has been too thorough, or the cells mtroduced too numerous the 
isolation of a single cell becomes difHcult 

Both or all the droplets arc enclosed within a drop of sterile hquid paraffin, 
using a large platinum loop The paraffin cover preventa the evaporation of the 
droplets during work, and subsequently protects them from contammation 
For the actual isolation or other manipulation the covershp with the droplets 
on its underside is gently pressed on the va^ehned top of the chamber The 
edge of the droplet containing cells is centred and focused and a microloop 
plunged mto the droplet When a suitable cell has been caught withm the loop 
the stage of the microscope is moved in the direction of the second droplet, to 
brmg the microloop mto the second droplet where it is raised and lowered until 
the cell IS released. 

The next stage in the isolation consists m the transfer of the covershp from 
the chamber to an ordinary moist chamber at the bottom of which is placed 
a droplet of sterile water The slip is sealed to the top of this chamber with 
vaseline and the chamber then incubated preferably at room temperature if 
this allows the isolated cell to grow The use of higher temperatures demands 
careful control of the humidity withm the moist chamber and makes it necessary 
to open the chamber when it is removed from the incubator to a lower 
temperature for microscopic observation 

As soon as macroscopic growth is visible, the covershp is lifted from the 
chamber and the growth transferred m a fine platinum loop to a suitable solid 
or hquid medium 
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The Routine Examination for Antibiotics 
Produced Joy Moulds 

By N G HEATLEY and FLORA J PHILPOT 
The Sir William Dunn School of Pathology, University of Oxford 


SUMMARY From the existmg methods for identifying common antibiotics it is 
possible to select tests for recogmzmg one or more of fourteen known antibiotics m 
crude culture medium These tests, given m tabular form, are (1) stabihty at pH 
2 0 and 9 5, (2) ether-water partition at pH 2 0, 6 0-7 0 and 9 0, and (3) relative 
activity towards specified strains of Staphylococcus aureus and Bacterium coh 
Further tests depend on destruetion of peniciUm by pemcilhnase, colour reactions, 
and volatihty of aspergilhc acid in steam For final confirmation, isolation of the 
antibiotic may be necessary 

Several hundreds of moulds have been reported (Wilkins & Harris, 1942, 1943, 
1944 G, 1944: b, 1944 c, Furtado, 1944, Wiedhng, 1944, Robbins, Hervey, 
Davidson, Ma & Robbins, 1945, Wilkins, 1946, and others) to produce diffusible 
substances inhibitmg Staph aureus, Bact coh, or other bacteria In the 
AspergiUi and Penicillia it appears that the action is in many cases due to one 
or more of a few well-known antibiotics which it would be desirable to be able 
to recognize early in the investigation of the culture fluid of any new organism 
There are three mam ways in which this can be done 

(1) by comparing the antibacterial spectrum of the substance mth that of 
known antibiotics, 

(2) by the method proposed by Stansly (1946) in which the unknown- 
material is tested against one or more organisms sensitive to each knoivn anti- 
biotic, and also against derived strains of the same organism(s) in which 
resistance to the antibiotic has been induced , 

(3) by comparison of the chemical and bacteriological behaviour of the 
imknown with that of known antibiotics 

The first method, besides requirmg several standard organisms, is not very 
specific and is not applicable to mixtures of antibiotics With the second 
method, the demonstration of non-identity is unambiguous, but any result 
suggesting identity must for the present be accepted mth some reservations, 
since insufficient is known at present about cross resistance Thus Eisman, 
!Marsh & Mayer (1946) have sho^vn that a staphylococcus made resistant to 
one of the three penicillins F, G or X acquired resistance of the same order of 
magnitude to the others We had observed the same result independently 
Admittedly the abilitj' to distinguish between different penicillins is a very 
severe test of any method , but the method also suffers from the defect tliat 
a large number of standard cultures arc required, at least two for each anti- 
biotic which IS to be tested for 

The third method has been used by many workers The scheme given below 
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18 merely one of many possible and though it is certainly not claimed to be the 
best, it may serve as a storting point for workers entering the field 

The information on which the scheme is based is partly drawn from the 
hterature AMiere the necessary information was lacking or was presented m an 
unsuitable form it was obtained by direct experiment 


ExpcnmenUil 

In interpretmg the results it must always be home m nund that more thnn 
one antibiotic may be produced m a culture, either simultaneously or succes 
sivcly For this reason the time of harvesting of the culture fluid may be 
important. 

As a prebrmnary it is perhaps worth ruling out the possibihty that the 
inhibition is due to hydrogen peroxide by incubating the medium with a trace 
of blood or of a cataia*e preparation Destruction of the activity mdicatcs 
hydrogen peroxide. 

The following tests are then earned out 

(1) The stabflity of the inhibitor is determined at 100® for 15 mm, and at 
20*for80ram , at pH 2*0 and pH 9 5 ThcBamples roust, of course, be neutrahsed 
before assay and any changes m volume taken into account, 

(col 1 of the Table) 

(2) Samples of the culture fliud are shaken with equal \olumes of ether at 
pH 2 0 6-0-7 0 and 9 0 After separation the aqueous phase is brought to pH 
6 0-7 0 as quickly as possible, and a portion of the ether extract shaken wdth 
an equal volume of u/l^-phosphate buffer of pH 6 8 The relative activity of 
the aqueous phase and the buffer extract of the ether is measured Apparent 
loss of activity may be due to destruction at on unfavourable pH or the parti 
tion coefficient of the antibiotic being In favour of the ether at all pH value* 
(cok 2 of the Table) 

(3) Antibactenal specificity is examined Only two strains of test bacterium 
have been used, namely Slap^tylococcus aureus no 65T1 and Badenum coU 
no 86 of the National Collection of Type Cul tur es The results recorded m 
column 0 of the Table were obtained with the cylinder plate method (Heatley 
10-A4) the plates being surface-seeded with a 1 1000 dilution of a 16-24 hr 
broth culture of the test organism 

In the intermediate class (nos 8 and 9 m the Table) there ma> or may not 
be some degree of inhibition of BacL coU as well as of Staph aurvus The titres 
in col 6 indicate merely the order of magnitude of the antibactenaJ effect. 

From these screening tests it should be possible with the aid of the Table 
to conclude that the uiinown inhibitor is not identical with any of the fourteen 
listed that it is one or other of those m thehst or that more than one active 
substance is present. 

(4) In those cases where the screening tests narrow the possible identity to 
two or more of the substances given, certam simple chemical tests (column S 
of the Table) will distinguish between the possibilities These tests referred to 
by letter, are as follows 
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(a) The achvitj of the culture medium is measured after mcubation m the 
presence and absence of penicillinase (e-g Duthie, 1944) Destruebon of the 
activity indicates penicillin 

(t) Fiunigatin and spinulosin m the concentrations which can be detected bj 
the cylinder plate method give deep purple solutions In mould cultures 
however, the substances may by reduction give a paler brownish colour on 
shaking m air the purple colour is restored. The purple colour is also re\ crsiblj 
discharged m acid solution 

(c) A drop of dilute feme chloride solution is added to the culture medium 
at neutral or faintly acid pH a red coIout mdicatcs kojic acid a red-hnnen 
colour mdicatcs pubenihc or pubcrulonic acids a blue mold colour indicates 
mycophcnolic acid a broten precipitate soluble m excess of FeCI, solution 
mdicatcs citnmn 

(d) 2—8 volumes of strong ammonia are added. A red colour suggests 
penicillic acid 

(c) On acidification a bnght yellow colour which ma> or may not be 
accompanied by a yellow precipitate, indicates atxinia. 

(/) Aspergilhc acid is volatile m steam 

The next stage is to confirm the tentative identification Some tests (c g the 
penicniinase test for pemciUin) have a high degree of specificity but in other 
cases it may be necessary to isolate the inhibitor and apply the usual chemical 
criteria of identity — mixed melting pomt, etc. The colour tests are suggestive, 
not specific taken m conjunction with other tests they may be helpful The 
presence of pigment In the medium or a low concentration of the antibiotic 
may make the tests of value only after some purification 

The papers cited m the Table provide further tests or isolation procedures 
for the antibiotics listed 

One of ufl (F J P ) Is Indebted to the Agricultural Research Council for a personal 
grant. Our thanks are due to Professor H. Raistriek for samples of spinulosin and 
pubcnillo add and to Dr P W Brian for a sample of giiotoxin and to Miss Jean 
Stewart for technical assistance. 
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A Selective Medium for Pleuropneumonia-like 

Organisms 

By D G. If EDWARD 

The. Wellcome VeUnnary Research Station, Front, Sussex 

SUMMARY The action of several bacteriostatic substances on strains of plcuro- 
pneumonia-like organisms has been tested Smtable concentrations of thalhum 
acetate and penimllm m the media were inhibitory for ordinary bactena, but allowed 
the pleuropneumonia-hke organisms to grow m pure culture and facihtated their 
primary isolation These two bactenostatic substances were also useful for the 
isolation of strains on plate cultures The addition of thalhum acetate alone to 
media used for mamtaimng strains m subculture diminished the number of 
contammations 

The media gave variable results, dependmg on the batch of serum used for 
ennchment The routme addition of fiesh yeast extract yielded consistently good 
growths of all strains of pleuropneumoma-hke organisms tested The effective 
factor m the yeast was not the ‘V’ factor required by Pfeiffer’s influenza bacillus 

Organisms morphologically and culturally similar to the pathogenic agent of 
contagious bovme pleuropnemnonia have been isolated recently from a number 
of widely different sources, mcludmg the human genital tract (Dienes, 1940, 
Beveridge, 1948) Failure to recognize this group until lately has been largely 
due to the peculiar properties of the organisms, especially their exacting 
cultural requirements, the slowness and paucity of their growth, and the 
peculiarities pf their morphology Surface colonies are veiy small and slow to 
appear and are thus easily overgrown by other organisms Moreover, certain 
pleuropneumonia-hke organisms associated vnth infectious catarrh of the upper 
respiratory tract m mice do not give surface colonies on primary isolation, and 
can only be isolated by using fluid or semi-solid media (Edward, 1940, 1947) 

A medium has therefore been sought which would inhibit ordinary bacteria 
while allowing pleuropneumonia-Iike organisms to grow m pure culture 

Bevendge (1948) found that pleuropneumonia-hke organisms from the 
human genital tract were relatively resistant to sulplianilamide and used media 
containing this substance for primary isolation, he also noted growth in media 
containing gentian ^^olet The experiments of Powell & Rice (1944), m which 
pemcillm failed to protect mice against arthritis caused by a pleuropncumonia- 
like organism, suggested that this group might be resistant to penicillin 

' Cultural methods 

Basal liquid media were prepared from ox heart infusion broth with 1% 
added peptone, adjusted to pH 8 0 The basal medium gradually deteriorated 
on storage and yielded good growths only if used during periods of less tlian 
about three months The final medium was made by adding 20% (v/v) horse 
serum and 10% (v/v) of a j-east extract (s250 g/1 ), with suflicicnt stcnle 
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caustic soda to bring the hnal pH to 8 0 To get nd of prccipitable phosphates 
broth -was prepared m bulk at pH 8 4 incubated overnight at 87*^ and then 
Seitz flJtered through a clarifying pad Finally it was adjusted to pH 8 0 and 
tubed The yeast extract was prepared by adding 50 g of brewer s yeast to 
200 ml distilled water and boding unbi ljt>thing ceased and was sterilized by 
Seitz flltratioTL It was used fresh but was still suitable after storage m the 
refrigerator for one week. 

Three types of media were used broth, agar plates and sloppy agar For 
solid media 2% agar (or 1% New Zealand agar) was added. Sloppy agar 
(0 8% agar) introduced by Bevendge (1948) was found particularly useful for 
the isolation and maintenance of strains In it the growth of pleuropneumonia 
like orgaimsms varied from a fine granularity when the inoculum was heavy 
to more definite macroscopic colonies as described by Bevendge. A* a routine, 
stock cultures were mamtamed in duplicate both m sloppy agars and on plates 
For primary isolation of strains capable of giving macroscopic surface colonics 
plates had the advantage because colonial appearances of all members of the 
pleuropneumonia like group of organisms were so typical that they allowed 
more rapid and reliable identification 

The L5 organism (Fmdlay Kliencbcrger MacCallum Mackenzie, 1988) 
and the strains from mouse catarrh were shown to be obligatory aerobes In 
sloppy agar they grow only in the upper part of the medium. Growth occurred 
m an atmosphere of 10 % carbon dioxide m mr but was poor Strains from the 
human genital tract grew equally well aerobically anaerobically and in 10% 
carbon (Loxide m air 

The Yeast Factor The use of yeast extract followed the observation that 
media containing only broth, agar peptone and horse serum gave vonable 
results dependmg on the hatch of horse serum sometimes growth was scanty 
or almost completely absent. Where gr o wth was poor colonies were larger and 
more numerous around contaminating colonies of staphylococci Growth was 
improved by the addition of freshly prepared filtrate* of cultures of these 
staphylococci Yeast extract produced a similar enhancement of growth for 
the L6 organism, strains from mouse catarrh and strains from the human 
genital tract, but not for the saprophytic sewage organisms of Laidlaw A. 
Elford (1986) Subsequently yeast extract was added to media as a routme and 
consistently good growths were obtained- 

The factor m the veast extract necessary for growth withstood heating In the 
autoclave at 120 for 60 mm it was not destroyed by boding either at pH 4 3 
or at pH 8 5 Thus the factor was not the V factor cocnzymesIorIIofLwoir& 
Lwoff (1987) It could not be removed from the extract, nor from a sample of 
horse serum in which it was abundant, by adsorption on charcoal or by dialysis 
Other additions to media used for growing pleuropneumonia like organisms 
have been recommended Kbenebcrger (1980) used boiled blood and Bevendge 
(1948) extracts of bver It appeared that neither of these contamed a factor 
Birailar to that in yeast, because, when a batch of horse serum was used which 
needed the addition of yeast extract for growth to occur it was not possible to 
obtain g r o w th by replacing the yeast 1^ either of them 
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Action of bacteriostatics 

Several commonly used bactenostatic substances were tested for their 
inhibitory action on the L5 orgamsm and on a pleuropneumoma-like organism 
isolated from mice with catarrh, and also on certam representative bacteria, 
namely Staph albus, Staph aureus. Strep faecalis, B subtihs, Bact coli, 
Proteus vulgans and an avirulent diphtheroid orgamsm The tests were carried 
out m 10 ml amounts of sloppy agar Inocula were 0 1 ml of cultures of 
pleuropneumonia-like organisms in broth or sloppy agar, and one loopful of 
1 1000 ddutions of overnight cultures of the bacteria 

Sodium a:^ide at a concentration of 1 2000 mhibited the L5 orgamsm but 
was not inhibitory at 1 5000, the latter concentration did not prevent growth 
of any of the representative bacteria (Table 1) Potassium teUurite was 
markedly inhibitory for L5, only feeble growth occurrmg m a concentration of 
1 50,000 L5 was completely inhibited by 1 100,000 brilliant green and by 
1 500,000 gentian violet, there was feeble growth m 1 1,000,000 gentian violet 
Neither stram of pleuropneumonia-hke organism was inhibited by thallium 
acetate at concentrations of 1 1000 or less, nor by concentrations of penicillin 
as high as 390 Oxford units/ml 

Although these tests showed that a medium contaming 60 units of j^eniciUin 
/ml prevented growth of aU the representative bacteria tested, it seemed 
likely that strains of aerobic spore-bearmg bacilh and non-spormg Gram- 
negative bacilli with greater resistance to penicillin, or actually able to in- 
activate it, would sometimes be encoimtered in practice Accordingly a selective 
medium was made containmg both penicdhn and thalhum acetate, the latter 
being highly bacteriostatic for aerobic spore-bearers and Gram-negative 
bacilli The lowest concentration of thallium acetate found to inlnbit P 
vulgans was 1 2000 For Strep faecalis 60 units/ml of penicillin was inhibitory, 
but not 12 units/ml The concentrations chosen for use were therefore 1 2000 
thalhum acetate and about 60 units/ml of pemciUm Recently Beveridge, 
Campbell & Lind (1946) described the isolation in pure culture of pleuro- 
pneumonia-hke organisms from the human genital tract m a semi-solid medium 
containing 20 units of pemcillin/ml 

Tlie value of thallium acetate was shown in the present investigation by 
inoculating sloppy agars containing 98 umts of pemcillin/ml and 1 2000 
thallium acetate, in parallel with sloppy agars containing penicillin alone, 
using as mocula matenal heavily contaminated with sponng and other bacilli, 
such as dust, bo^^ne faeces, uterine discharges, etc Bacteria grew out in the 
media containing penicillm only, but not m those contaming penicillin and 
thalhum acetate 

Thalhum acetate was made up as a 10% solution, sterilized by autoclaving 
and added to the final medium before or after tubing It was not found 
necessary to dimmish the concentration of sodium chloride in the medium, as 
suggested by McKenzie (1941) Any precipitate which formed at first suli- 
sequently redissoh ed In serum agar plates, 1 2000 thallium acetate caused 
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some degree of inhibition of the pleoropncumoma like oigamsms and for plates 
a concentratioa of 1 6000 was subsequently used It is not so essential to have 
plates completely inhibitory to the ordinary bactcna. Solutions of pemcilhn 
(one 10,000 unit tablet dissolved m 1 mb of sterile distlDcd water and 0-1 mb 
of the soluhon added to 10 mb of medium) were freshly prepared and added 


Table 1 Adwn of baderiosUtUcs on strains of pleuropneumonia like 
organisms and on certain Teprestniaiive bacteria 
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immediately before moculation PemciUin -waa applied to plates by spreading 
two drops of a solution containing approximately 1000 umts/ml. across half 
the plate aHowing to dry and using immediately 


JtesuUs 

In BIX prehmmary tests sloppj agaxa containing thalUom acetate and 
pcmciUm were inoculated both with swabs taken from the human throat and 
with stock cultures of plcuropneamonia like orgnmsras In all cases bnetena 
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failed to grow and the pleuropneumonia-Iike organisms were recovered m pure 
culture A senes of tenfold dilutions of a culture of L5 seeded into bottles of 
this medium grew as well as in sloppy agars without peniciUm or thallium 
acetate 

Sloppy agars and broths contammg thallium acetate and penicillin have been 
used in approximately 100 attempted isolations of pleuropneumonia-like 
organisms from the noses of mice and from the human and bovme genital 
tract, using as inocula material obviously contaminated with bacteria Only 
four times have ordmary bacteria grown , on two of these occasions the bacterial 
load in the inoculum (ox semen) was particularly heavy, and on another 
occasion the broth only, and not the sloppy agar, grew bacteria There have 
been numerous isolations of pleuropneumoma-like organisms m the media from 
the noses of mice (Edward, 1947) and from the human and bovine genital 
tract Unfortunately it was seldom possible to obtam material infected with 
pleuropneumoma-like organisms but not contaminated with bacteria, m order 
to compare media mth and without bacteriostatics However, the few 
observations made did not suggest that the selective media inhibited any of 
the naturally occumng strains 

Swabs from the human and bovine genital tract were also plated in duplicate 
on media with and without 1 8000 thallium acetate, half of each plate was 
spread with pemciUm Several isolations of pleuropneumoma-like organisms 
were made and there was no evidence of inhibition by penicillin or thallium 
acetate 

Sloppy agars and plates contammg 1 2000 and 1 8000 thallium acetate 
respectively, without the addition of penicillin, proved useful for the mamten- 
ance and examination of stock cultures Thallium acetate had the advantage 
over pemciUm that it could be added when the media was made and, although 
it did not inhibit all bacteria, it was bacteriostatic for some of the most 
troublesome contaminants, such as the aerobic spore-bearing bacilli and Gram- 
negative bacilli. 

I am indebted to Dr E Kheneberger-Nobel and Dr W J Elford for supplying 
me with strams of pleuropneumonia-like organisms 
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Some Observations on the use of Penicillinase in 
Sterility Tests for Penicillin 

i 

By M pile, D D STEWART and A F B STANDFAST 
T/ie Bacteriological Laboratory, The British Drug Houses Ltd , London 


SUMMAiri Penicillinase preparations strong enough to destroy all the penicillin 
in 1 hr or less at room temperature should be used m carrying out stenbty tests on 
sohd peniciUm Otherwise, pemciUm-sensitive contammants may be killed by the 
pemciUin before it is destroyed and samples contaimng them will be sterile by the 
test A convement umt of pemcilhnase is the quantity wluch will destroy 100 units 
of pemcUhn m 1 ml m 1 hr at room temperature (24°) 

The usual sterility tests when apphed to peiuciUm can show the presence only 
of penicillin-resistant organisms, any peniciUin-sensitive organisms present in 
the dry penicillin powder being killed when the pemciUm is dissolved For 
obvious reasons it is not possible to dilute the pemciUm to a concentration at 
which it is no longer active, for the quantities of broth necessary would be 
unmanageable 

In order to overcome this difficulty. Harper (1943) suggested the use of 
pemcdlmase m sterility tests, and Proom (1945) described the preparation of 
pemcilhnase from a paracolon bacillus in a strength suitable for sterihty tests 
of high-potency pemciUm Lawrence (1943) reported that ‘clarase’ was 
a satisfactory agent for destroying peniciUm in sterility tests, though later 
work has shown that this was probably due to a penicillinase in the 
‘ clarase ’ 

The usefuhiess of pemcilhnase in sterility tests depends on its ability to 
destroy the pemciUm before the penicillin has kiUed any of the penicillin- 
sensitive organisms which might be preseht Although m the literature there 
are references to the fact that ‘small numbers’ of organisms were not affected 
by the pemciUin in pemciUm-pemciUmase mixtures, we w ere not satisfied w ith 
the evidence, particularly as most workers use undetermined numbers of the 
test organisms to test the inactivation of the peniciUm, assuming, if on 
incubation the test organism grew out, that the pemciUm had been de- 
stroyed 

Some of our preliminary experiments indicated tliat though such inocula 
might multiply m these mixtures of pemciUm and inactivating agent, some of 
the bacteria might liaA’^e been kiUed before the peniciUm w as destroyed 

The experiments described below were designed to demonstrate the degree 
to which this killing occurred m the conditions of routine sterility tests Tliei 
show that, in order to destroy aU penicillin actnity before anj contaminants 
are kiUed, verj^ large quantities of pemciUmase are necessaiy^ 
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Material and methods 

Pimallin Samplesofcoraincrcialpemcillincalciiimsalt(aboiit500units/mg ) 
were used Peiucillm was assayed by the routine plate method used m this 
laboratory 

PenictUtnase Batches of pemciUinose were prepared from a paracolon 
bacillus by the method of Proora (1045) and from B sttbtilis by the methods of 
Coulthard (personal communication) Smith (1045) and those devised m this 
laboratory 

Vtabte counts All viable counts were made in roll tubes containing 1 ml of 
double strength agar, to accommodate the inoculum of 1 ml. per roll tube 
necessary to demonstrate small numbers of organisms Six repheates of each 
count were made. 

An roll tubes were incubated at 37 and counted after 1 day and again after 
7—14 days in case the penicillin had produced an abnormally long lag phase m 
some of the bacteVia In no experiment, however was this the case. For 
example, three tubes having 80, 42 and 60 colonies after 1 day were counted 
as 39 80 and 49 after 10 days incubation 


The assay of petitctUtn pemciUtnast 


Ilesidual penicilhn in pemcillin penidlhnase mixtures can be titrated by the 
cup-plate method. The contmued action of the peniciUmasc durmg the m 
cubation of the test plate is offset b> the fact that pemcillin diffuses through 
the agar at a much greater rate than pcnicillmose For example, when lots of 
100 units of peniciUm were mixed with 1 2 8 and 6 arbitrary units (see p 250) 
of penicilhnase the mixture immediately diluted 1 m 100 and placed m the 
cups the differences between the mean diameters of the inhibition rings 
(average of six repheates) produced by the control peniciJlm and the vanous 
pemcillm pemciUlnase mixtures were withm the experimental error of the 
plate assay The pemciUm having diifrised away from the pcmciUinnse through 
the agar was not destroyed during incubation of the cup-plate. 

This method of demonstrating pcmciUm activity has given us more consistent 
results than did the titration of penicillin after extraction from the mixtures 
Five hundred units of pemciUin m 6 ml were plunged into ice-<»ld crater 
adjusted to pH 8 0 and shaken for 16 mm. with an equal \'olurae of chloroform 
The chloroform after separation was shaken with an equal ^olurae of sodium 
bicarbonate solution The process was repeated on a samp ® ® ^ ® penic n 
with 500 umts/mk of pemcillmasc. All the samples were dilut^^ “ “ ^ 
contom approxiinately 1 unit/ml and assayed by the plate method The rmg 
diameters were 


Ongmal pemcillm 

Extracted pemciUm 

Extracted pemciUm pemciDinnse 


21 6 mm slOO umts/ml 
18 6 mm es 80 unitS/ml 
17 0 mm h 79 nnits/mh 
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It IS probable that the 86 — 79 = 7 units lost in the penicillinase mixture ■were 
destroyed while the solutions were bemg adjusted to pH 3 0 and perhaps 
durmg the shaking with chloroform All similar expenments showed this loss 

When penicillm is incorporated in the agar in a test plate and penicillinase 
put in the cups, Tings of staphylococcal growth are obtained where the penicil- 
linase has diffused into the agar For plates contaimng 1 unit of penicillin/ml 
of agar, solutions contaimng 2000 arbitrary units of pemciUmase/ml are 
needed to get rmgs of a diameter (about 18 mm ) comparable to that gn en by 
1 unit of pemcillm (about 21 mm diam ) m the ordmary cup-plate titration 


Table 1 The killing of staphylococci in peniciUin-peniciUinase 
mixtures at room temperature 

Samples taken at (hr ) 

Composition of mixtures , * ^ 

, ‘ ■ V 0 1 2 4 0 24 

Penicillin Penicilhnase Mean viable counts and residual peniciUm/ml 
total units (ml ) , , 
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CO = more than 1 milhon organisms/ml 
Pemcillm assay + =:more than 0 5 unit/ml 
± = about 0 1 umt/ml 
0 =no demonstrable pemcillm 


Solutions of pemcillmase of such strength that 1 ml will destroy 100 units of 
pemcillm do not give measurable rmgs on agar plates containing 1 unit of 

^^It^if ^erefore possible to titrate the residual penicillin m mixtures by the 
plate method 

Bate of destruction of pemcillm by penicillinase 

At room temperature In the first senes of experiments, a pemcillinasc was 
used of such a strength that 0 5 ml would destroy 6000 units of pcnic.lhn in 
24 hr Quantities from 0 5 ml to 4 0 ml were added to 5400 units of penia^ 
m broth Staph aureus (Oxford, Heatley strain) was added to giv e a fma 

lt„_f«Ov.able^oce,/n..Theftaa.vo.u.eofb,o^^^ 

66 ml and therefore the final concentration of penicillin was 82 un.ts/ml 
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tubes were stood at room temperature and at the tune* stated sampled without 
further dilution for viable counts and pemciUm assays The result* of a typical 
experiment are shown m Table 1 

It will be seen that even with a large concentration of peniciDinase, the 
peniciUm is not destroyed quickly enough to allow all the organisms to survive 
The tube containing 4 ml of pemcillmase shows a drop from about 78 to S7 
cocci/mL m 6 hr by which time there was no penicihm left to be earned oi er 
into the roll tubes in the tube with 2 ml of peniclUmast there were only 8 cocci 


Table 2 The kxUing of staphylococci tn pentciUtn pentctlUnase jnurtures at 87* 

The figures ibow Id creased rate* of reaction to mixturej at *7* as 

compared with room temperature (tee Table 1) 

Sample* taken at (hr ) 

Coropodtlon of mlxturci , * , 

» * V 0 1 2 4 0 24 

PeiUcQUn PenIcllUna*e Sleon viable oount and residua] pcnicUlin/ml. 
total units (mL) , — * , 


0 

0 

48 

46 

40 

800 

CO 

00 

*400 

4 

48 

81 

80 

ad 

011 

CO 

lUaldoal peniefilia 


+ 

i 

0 

0 

0 

UQO 

2 

48 

4 

8 

20 

120 

CO 

Reddual penidllJn 


+ 

+ 

0 

0 

0 

MOO 

1 

48 

0 

0 

0 

2 

CO 

Heildaal peakOUo 


+ 

+ 

± 

0 

0 

MOO 

00 

46 

0 

0 

0 

0 

CO 

Resldutl petiictnia 


+ 

+ 

+ 

+ 

0 

MOO 

0 

48 

0 

0 

0 

0 

0 

Retiduol penlcfllla 


+ 

+ 

+ 

+ 

+ 


Symbols s* to Table 1 


left after the destruction of the pemciHin by the penicillinase. It should be 
noted that penicillinase alone showed no bacterial or bacteriostatic activity m 
the concentrations used 

At 87* Three experiment* one of which is set out in detail in Table 2 were 
earned out at 87* to see if the penieillm penicillinase reaction would be 
accelerated and the exposure of the coed to the pemciUra thereby shortened 

With 4 ml of penicillmasc, which destroyed all the pemcillm in less than 
4 hr the viable count had fallen from about 48 cocci/ml at 0 hr to 88 cocciyroL 
compared with the control tube at 4 hr with 800 cocd/ral With 1ml of peni 
cillinase which destroyed all the penicilhn in 6 hr the viable count had been 
reduced to 2 cocci/ml though m 24 hr these had grown out to more than 
1 million This experiment illustrate* a fallacy of pcnlciUm pemciIlinasL 
expenmentfl in which viable counts are not made, for at 24 hr the bactcnal 
density m this tube was equal to that in the control, although a large number 
of COCCI had been kiUed bj the penicillin before it wa* destroyed by tlic 
pemalhnase 
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ExpenmenU with staphylococci, streptococci and B subtibs 

The experiments showing that staphylococci may be killed by pemciUm m 
the presence of large quantities of penicillinase were repeated -with other 
organisms (Table 8) 

Table 8 The killing of staphylococci, streptococci and B subtihs in 
pemciUin-pemcilhnase mixtures at room temperature 


Samples taken at (Iir ) 



Composition of mivtures 

0 

1 

2 

4 

> 

0 


, « ^ 

iMean viable count and residual 


PemciUin Penicillmase 



peniciUm/Jii] 



Organism 

total units (ml ) 

1 


A 



Staphylococcus aureus 

0 1 

20 

20 

22 

20 

24 

(strain Heatley) 

4200 1 

(20 

12 

18 

16 

12 


Residual pemcillm 

( 

+ 

+ 

0 

0 

Streptococcus pyogenes 

0 1 

40 

43 

88 

40 

42 

(stram F, Richards) 

4200 1 

(40 

0 

0 

0 

0 


Residual pemcillm 

1 

+ 

+ 

0 

0 

B subtihs (stram 

0 1 

1C 

1C 

15 

17 

10 

BDH) 

4200 1 

fic 

1 

8 

4 

8 


Residual pemcillm 

1 

+ 

+ 

0 

0 


Symbols ns in Table 1 


Here again, the destruction of penicilhn by penicillinase was not sufficiently 
rapid (Table 3) In 4 hr , by which time all the pemcillm had been destroyed, 
the staphylococci had been dimmished from 20 to 15, the streptococci had been 
killed and the B subtihs counts reduced from 16 to 4 organisms/ml The last 
figure IS too low to be counted accurately by the roll tube method, but the 
regularity of the count, 2, 8, 8, 8, 5, 7, average 4 colomcs/roll tube, gives an 
indication of the behaviour of B subtihs 


The use of large quantities of penicillinase in sterility tests 

From the foregoing experiments it is clear that pemcillinasc m much larger 
quantities than has been customary must be used for a satisfactory sterility 
test A senes of tests were set up with penicillinase of a strength such that 
2 ml would destroy 6000 units of penicillin m l-hr at room temperature 
Residual penicillin was accurately titrated from 50 units/ml domiwards 
These tests gave similar results, and one test is set out m full (Table 4) 

With 2 and 4 ml of penicillinase, which destroyed all the penicillin in 1 hr , 
there was no significant killing of staphylococci, but with 1 ml , which decreased 
the pemcillm from 92 units/ml to 0 8 unit/ml m 2 hr and destroyed it all in 
4 hr , the viable count Mas decreased to 25 cocci/ml in 4 hr With 0 5 ml of 
penicillinase which destroyed all the pemcillm m 6 hr, the viable count uas 

only 8 

Repeated tests with penicillinase at this strength, i e 4 or 8 ml of a strength 
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such that 2 ml would destroy all the pemcillln present m 1 hn or less, showed 
that this is a satisfactory strength to ensure tliat none of the organisms present 
is kiDed by the penicillin 


DISCUSSION 

These expenments show that if peolctllinase is employed it must be used m 
a concentration sufficient to destroy the pemcillm b^ore it has killed any 
contaminating orgatusma If falsely negative results are to be avoided. The 
importance of this fact cannot be stressed too highly when very small nutnbers 
of penicillm-3ensiti\ e contaminating organisms ore to be detected 


Table 4 The rapid tnaciivation of pentctlhn by large guantitiee of a 
titttable pentnllUiase at room temperature 

Test orgnniAtnt StaphyloeocenM auma 

Samples token at (hr ) 

Compodtloo of mixtures , * ^ 

/ * — V 0 1 2 4 e S4 

Penicillin PeoIoUUaate Mean viable count and residual penlenUn/mJ 
total imlU (mL) * , 


0 

0 

81 

82 

33 

85 

40 

CO 

6400 

0 

f81 

0 

0 

0 

0 

0 

Resldaal penicillin 

1 

+ + 

+ + 

+ + 

+ + 

+ + 

0 

4 

81 

88 

27 

86 

47 

CO 

6400 

4 

fai 

83 

88 

88 

80 

CO 

llesldaal pealefflln 

1 

0 

0 

0 

0 

0 

0 

2 

81 

81 

38 

40 

61 

03 

6400 

a 

f8l 

20 

20 

35 

60 

CO 

netldual penlcltUn 

1 

0 

0 

0 

0 

0 

0 

1 

31 

27 

30 

38 

40 

CO 

5400 

i 

/81 

8 

12 

25 

20 

CO 

Reddoftl penicillin 

1 

12 

0-8 

0 

0 

0 

0 

05 

81 

S3 

82 

86 

07 

CO 

5400 

0-6 

[81 

1 

1 

a 

6 

84 

Residual penicQUn 

i 

SO 

14 

06 

0 

0 


Penicillin omy + 4- ^ more than 60 unlts/mL Other symbols as In Table 1 


It IS customary to assay pcmciUmase m terms of the quantity of the prepara 
tion imder test which will destroy 100 units of penicillin However the tune 
taken for the destruction and the temperature are important, and the potency 
of the pcniclllmase should be reported as the quantity which will destroy 
100 umts of penicillin m 1 ml tn o given period and at a given temperature From 
the practical viewpoint of atcnlity testing we suggest that the time of the 
reacbon should not exceed 1 hr and that room temperature is better than 
87 At 87* though the destruction of the pemcillm is more rapid and the 
amount required rather less the action of peniciUm on bacteria is also more 
rapid end there is a greater danger of contaminants being kiOed 
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A potent and rapidly acting penicillinase is necessary for satisfactory 
sterility tests, and we suggest that a convenient unit of penicillinase actmty 
IS the quantity of a preparation that will destroy 100 units of penicillin in 1 ml 
m 1 hr at room temperature A penicillinase like that used in the experiments 
described m Table 4, if used m excess, would probably protect the most 
pemcillm-sensitive contaminant 

We wish to thank the Directors of the British Drug Houses Ltd for permission 
to publish this paper 
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The Preservation of Bacteria by Drying 

By LOHD STAMP 

Tht MiertMohg^col Keatorth Dtparimenl^ PoHon and 
tlie BTilUh Postgradtuite Medical School London 

SUiGIAR'i A quantitative rtudy of the survival of vegetative bacteria on drying 
In various suspending media led to a rimple metliod for preservliig bacterial cultures. 
Bacterial cells are suspended in melted nutrient gelatin containing ascorbic add or 
sodium ascorbate in concentration of 0-25-0-5% Small quantities are dried over 
P,Oj at pressures of lOO-SOO nun of mercury and stored in vacuo over P>0, at 
room temperature. A wide range of bacterial species of medical and veterinary 
Importance was preserved by this method for 4 years. The slow decline m the 
number of viable organisms and the high percentage surviv’al rate at 4 years Indicate 
the likelihood of survival for a much longer period. 

The vimlence of a number of pathogenic species was successfuDj maintained in 
the dry preparation The method might rrell be applied to the preservation of 
living vaccines. 

The furvfval rates with ChrrmuAadenum prodigiotwn dried by this method 
were better than those In preparations subjected to rapid freexe-dxylng processes. 
They were bowever u n satis f actory with a few spedes such os Ftftrlo ehUcrae and 
Neiwna meningiildia 

A number of methods ha'v e been described for the preservation of stock cultures 
of bactena by drying The amplest consists m drying the orgarusms suspended 
m culture fluid or resuspended m saline, serum or blood m a desiccator tn vacuo 
over dehydratmg agents such os H ^04 or PjT)j The suspensions are dried on 
sterile covcrtlips filter pap«;r m small test tubea, or more conveniently m 
stenle ampoules which can subsequently be sealed off tn oflctm Successful 
results With a variety of bactenal species have been reported by Heim {11)05 
1007 1922) Brown (1925 1982) Hams Sc I^ge (103S) Otten (1980 1032) 
Pauli (1982) and Slackie McCartney (1045) Some pathogens have also been 
preserv ed satisfactorily by similar drying of the spleens taken from infected 
animals. Others recommend freezing the bactenal suspension Immediately 
before and during the drying process by immersing the contamer in an icc and 
salt mixture, or in a mrxture of CO, snow and glycerol placed m the desiccator 
(Shackell, 1009 Rogers, 1914 Si^ 1021 1937 Morton S. Pulaski 1988) 

A more elaborate freeze-drying process was developed by Efrer Thomas S^, 
Steffen (1935) and Flosdorf Sc Mudd (1985 1988) for the preservaUon of 
biological products, including micro-organisms In this so-callcd Ij-ophilc 
process the bactenal suspension is ddi%Trcd roto ampoules and froxen fa> 
immersion in salt and ice mixture or CO, snow The ampoules arc then attached 
to a manifold and the moisture is drawn off b> means of on cfllcicnt vacuum 
pump such os the Ccnco-Mcgavac or Hyvac, and trapped by condensation in 
a vessel immersed m CO, snow or by means of a chemical desiccant chamber 
Con taining anhydrous calcium sulphate. Traps contnming P ,0, are used also to 
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collect the last traces of moisture carried over Drying is complete m a vci^^ 
s ort period and the ampoules are then sealed off in situ under high vacuum' 

lius method is said to give the most satisfactory results, particularly mth 
delicate organisms 

However, m little of the work published on the drying of bacteria has any 
attempt been made to determme systematically the conditions most favourable 
for survival This can be done satisfactonly only by quantitative methods in 
which the percentage of organisms sumnng desiccation under different 
conditions is accurately estimated In this paper a study has been made on 
these Imes of some of the factors which might be expected to mfluence survival 
(such as the use of different suspend mg media) and of the two methods in 
common use for preserving stock cultures by drying, namely, simple diymg m 
the unfrozen state m a desiccator over dehydrating agents in vacuo, and the 
more rapid freeze-drymg ‘lyophile’ process As a result a simple diyang 
technique has been developed and used to preserve a large number of bacterial 
species 


METHODS 

Preparation of the bacterial suspension The organism under test was grown 
on a suitable agar medium in Petri dishes or Roux bottles The latter proved 
preferable in view of the lesser likelihood of contamination In one or two 
experiments (e g with Pasieurella pestis) the suspension was made from a broth 
culture The growth was removed by scraping off with a sterile glass slide or 
by washmg off and centrifuging The packed cells were thoroughly emulsified 
in the suspending medium A wide range of concentrations of bacterial cells 
was used, but in most cases a thick suspension containing 5 x 10® to 1 5 x 10^° 
organisms/ml of suspendmg medium was used With profusely growing 
orgamsms such as the Salmonellae, these concentrations were attained when 
the growth from three agar plates or one Roux bottle, grown for 24 hr at 87® 
on tr3'ptic meat agar or CCY agar (Gladstone & Fildes, 1940), was added to 
2 5-10 ml of suspending medium In the ma]onty of tests the suspending 
medium was nutrient gelatin, contaimng peptone (Evans, Sons, Licschcr & 
Webb) 1 0%, NaCl 0 5%, Lemco beef extract 0 4%, and Coignet gold label 
gelatin 10 0% The first three ingredients were made up double strength, the 
pH adjusted to 9 3 to precipitate phosphates which were removed and then 
readjusted to pH 7 6, an equal volume of a 20% solution of gelatin was then 
added The medium was cleared with egg albumin, steamed for 30 min , 
shaken, steamed for a further 2 hr , filtered, the pH adjusted to 7 0 and the 

medium autoclaved at 115° for 15 min 

Other suspending media were fresh defibnnated horse blood, fresh sterile 
rabbit serum heated at 60° for 1 hr , 2 5% solution of mucin in distilkd water, 

2 0% solution of poljwmyl alcohol m distilled water sterilized at 100° The pH 
of each was checked and adjusted when necessary to c 7 0 before use Solutions 
of ascorbic acid were made up in the suspending medium under test or in 



Prrservaiton of badma by drying 258 

distilled water In ten times the strength required and heated to 100 for a few 
seconds to stcnhze. One part of concentrated solution was then added to nine 
parts of thick bacterial imspension and mixed thoroughl> 

Dr^ng Ike bactenal suspension 

Drying in the unfrozen state in a desiccator over P,0, in a partial vaetinm In 
early experiments the bacterial suspension was dehvered into Petn dishes in 
1 ml quantities But in the great majority of expenraeots it was dehvered on 
to a sterile waxed surface as discrete drops by means of a standard droppmg 
pipette calibrated to dell\ er 86 drops of water/rah under controlled conditions 
The waxed surface was made by dippmg a filter paper into hot melted 
parnOln wax to sterilize, allowing to cool and placing m a Petri dish In some 
tests the drops were dehvered directly into one ml vials with wide necks Tlic 
samples were placed m a desiccator containing PjO, and dried at a pressure of 
100-800 mm Hg Drymg was continued with excess F^O* for 2-8 days at room 
temperature after which no further appreciable loss m weight was found to 
occur Before opening thede&iccatorwosslowly filled with air filtered through 
sterile cotton wool On drying tbc drops formed thm disks of uniform size 
which were carefully scraped off the filter paper transferred to a suitable 
sterile container and stored under a cotton wool plug m a desiccator over 
P,0| usually at low pressure For subculture a disk was removed from the 
container b) touching with a moistened platinum loop to which it readily 
adhered transferred to broth and warmed to redissolve One loopful was then 
subcultured in fresh broth or on to a solid medium There ^vas little trouble 
with contanunation of samples provided all possible aseptic precautions were 
taken during drying Small numbers of contaminants present m tlie dried disk 
were presumably diluted out when it was rediisolved and subcultured The 
desiccators were stored at room temperature during the first 2 year period 
namelj laboratory temperatures of 18-21^ except for bnef penods dunng the 
summer months During the second 2 vents they were kept m a cool cellar at 
somewhat lower temperatures 

Drying by the lyophile process The met^>d of Flosdorf L ifudd (1035) was 
used 

Drying hy the McFarlane process The McFarlane (1942-8) process differs 
from other freeze-drying processes in that the material to be dried is held 
frozen to a metal surface A coil of tubing was used through which bnne was 
circulated at —40 Freezing was extremely rapid to ensure that the material 
remamed homogeneous The coil with the frozen material attached was lifted 
out of the contamer and transferred to a vessel containing a large outer coil 
through which bnne was passed at —50** Brine at —23 was no\\ passed 
through the inner coik A high vacuum wus applied and tlie water vapour 
condensed and was frozen on to the outer coil IVTien the material held on to 
the inner cod was completely dned it was transferred to a desiccator containing ' 
P,Oj and stored tn vacuo The fundamental difTcrcnce between this pre ^ 
the Flosdorf & Mudd (1035) process lies in the fact that in the^ a" 
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stage the heat lost by evaporation is less than that entering by radiation and 
conduction so that in the terminal stages the temperature in certain parts of 
the material being dried is bound to rise In the McFarlane process this does 
not occur as a constant low temperature is mamtamed throughout by 
refrigeration 


Esiimalion of percentage survival 

Viable counts were carried out on the undried and dried drops Usually ten 
drops were pooled, the mean count/drop was determined and the percentage 
survival calculated The surface viable count method modified from that 
described by Miles & Misra (1988) was used Under carefully standardized 
conditions and when adequate numbers of colonies were counted this gave 
results with'a high degree of accuracy 


RESULTS 

TJie effect of different suspending media and of reducing 
substances on survival rate, drying over PjOj in vacuo 

Melted nutrient gelatin was first selected as a suspending medium since it was 
thought that the gelatin and other substances present m the medium might 
coat the organisms protectively during drying One-quarter strength Bmger 
solution was used for comparison Ascorbic acid was also tested as it was 
considered that the death of organisms during drying and storage might 
in part be due to oxidation Salmonella paratyphi B was used as the test 
organism 

Table 1 Showing the percentage survival of Salmonella paratyphi B (Netherne) 
dried in melted 10% nutrient gelatin and in one-quarter strength Ringer 
solution, imth and without the addition of ascorbic acid 

Stored 23 dnys 


Nutnent gelatin + ascorbic acid 0 1 % 

Dried 

3 days 

'53 0 



/ 

In desiccator 

35 7 

On bench 

17 0 

Nutnent gelatin — ascorbic acid 

32 1 

28 

2 7 

Ringer solution -f ascorbic acid 0 1 % 

57 

1 3 

0 01 

Ringer solution — ascorbic acid 

4 4 

0 003 

0 001 


It mil be seen (Table 1) that Salm paratyphi B was more clTcctively 
preserved in 10% nutrient gelatin than in onc-quartcr strength Ringer 
solution, and that aseorbic acid nas also beneficial, particularly on storage Tlic 
drop in survival rate nas, as nould be expected, less rapid in the desiccator at 
room temperature than on the bench The results v ith other suspending media 
and vith glutathione as a reducing agent are showm m Table 2 Nutrient 
gelatin was better than horse blood, serum, mucin or pol>winyl alcohol under 
the conditions of test Furthermore, glutathione m the concentration used did 
not exert the beneficial action of ascorbic acid Although these substances 
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might have been investigated further and other Buspending media and reducing 
agents tested, in view of the favourable results with nutrient gelatin and 
ascorbic acid it was decided to conBne the study to these substances 
Fig 1 shows the effect of varying the concentration of ascorbic acid from 
O-l to 2 6% and of using nutrient gelatin diluted 1 10 with dlsbllcd water as 
suspending medium The test organism was CkromobacUnum prodigiosiim 


Table 2 Showing the effect of drying dffereni organitmt \n nxelled 10% Ttuineni 
gelatin nutrient gelatxn plus heated Tobbit serum dejibnnated horse bloody 
mucin, or polyvinyl alcohol andthe effect of adding ascorbic acid and glutathione 



Concentrotfon 

CoiKientratkm 





of ceUi 

of redoclng 


Time 

Per 

Species 

before 

agent 


of 

centage 

drying 

(%) 

Snspendlng medhim 

drying 

survival 

Salnupara 

4-0xl(H*/mL 

Aac, add 0 1 

Defl brluated horee blood 

8 days 

11 26 

typMB 


Glutathlooe 0*1 

Deflbrinated horse blood 

7 5 



NR 

I>eflbrinated horse blood 


10 O 



Asc. odd 0 1 

Notrieut gelatin 


lOOO 



GlntathkineO 1 

Nutrient gelatin 


14 7 



Nn 

Nutrieirt gelatin 


16 7 

Shig ihigae 

l*0xl0*ydrop 

Asc add 0*5 

Nutrient gelatin 

24 hr 

81*6 

(K024) 


Asc. add 0*6 

Nutrient gelatin 1 port 


3{hl 




+ 0 ports heated rabbit 






senun 





Aso. add 0 0 

Nutrient gelatin 1 part 


236 




■f 09 parts heated rabbit 






senim 



Bad eoli 

1 2xl0*/drop 

Asc. add 0*25 

Nutrient gelatin 

2 days 

40*5 


l-flxlOVdrop 

Aso. add 0*25 

Mudn S 5% 


<1*0 

Solm. typMi 

1 TSxloydjmp 

Asa add 0-25 

Nutrient geloti/i 

24 hr 

19 1 

(T150) 

1 67xI0Vdrop 

Asa ackl 0 25 

Polyvinvl alcobol 20% 


14 0 


The percentage survival increased with the concentration of ascorbic acid 
-up to 0 5% and thereafter fell off decreasing the concentration of nutrient 
gelatin gave somewhat lower survival rate*. In other tests solutions of gelatin 
in concentrations higher than 10% gave no better result, and moreo\er were 
difficult to use owing to their high viscosity Similar curvea were obtained with 
Bacterium coU and Salmonella iyphi sws (Fig 2) The deletenous effect of 
higher concentrations of ascorbic acid might be due to excessive acidity since 
the pH as estimated roughly bj indicator dyes was 4 8-5 2 with 0 5%, and 
4 4 with 1% ascorbic acid 

Tests were made on Chromobactenwn prodigiosum m nutrient gelatin with 
varying concentrations of ascorbic acid m which part of each suspension was 
first neutrahzed to pH 6 8-7 0 with one or two drops of n NaOH before drying 
(Fig 3 ) A* anticipated neutraliied ascorbic aad was not deleterious m the 
higher concentrations This fact lias also been noted by H B Naylor (personal 
communication) In this test, as with SalinoneUa typhi suit (Fig 2) the 
optimal concentration was 0 26% this concentration was used tn nearlj all 
the storage tests described below RecenUy however a similar TOmTftrtson of 
the effect produced by ascorbic acid and neutralised ascorbic 





Fig 2 The percentage sur\7\'Til of iSa/m typhi suis and Bad co/n^ith varvingeoneentmtions 
of aseorbic acid after drjang for 3-4 weeks in melted 10 % nutnent gelatin, and after 
storage for 4 j cars (Concentration of aaable cells/undned drop =2 2x10’) 
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trations up to 0 28% has been mode -with a number of ditTereiit species, most 
of which were more delicate than those investigated eariier The more important 
results are tabulated in Table 8 



Pig 3 Tho eir«jt of i>MrtraUilng ascorWo ftdd wHh N»OH oo iPurviraJ r«te of Ckr pn>* 
dlposxtm after drying for 0 dayi In mdted 10% nutrient gelatin. {CoocentrBUofl of 
viable celUfondried drop— 7 8 x 10* ) 


Table 8 Showing the pcrcenloge survival obtained on drying dlfferenl species over 
P,0* xn melted nutneni gelatin conlmmng varying eoneerdraiions of aseorhic 
acidi unneuiralized and neutralized with NaOH 

Ascorbic add /o 


Specie* 

C dipWieriae gravis 
Ery Tbusiopalhitu 
B paiastia 
B 

B pam ir\flu£moe 
StT pnexmorriae type I 
Anaerobic Strrpiocoeaa 
Cl Tcelehii 
F fuaiformis 
A mcnlngilidts 


Average 
count 
per drop 
before 
drying 
S-S Xjo' 



Unn eutralixed 

Neutnllred 

Dayi 

Ml 

0-1 0-35 01 

Percentage raviral 

A 

0-25 

2 

44-0 

ei 1 

T8-0 

01 T 

68 7 

8^ XJO^ 

10 

80 

72 

88 

73 

12-4 

B 2 X 10^ 

4 

11*0 

11 5 

1-0 

258 

21-0 

8 75 X lO* 

3 

(HM3 

OKTS 

0-20 

0-03 

0-12 

2 MxlO* 

S 

0-037 

0-28 

* 038 

04JS1 

O-CO 

7 78 X lO’ 

8 

35 

1 70 

1 04 

4-1 

7 1 

2 7 xlO* 

2 


0-44 

0-3 

OSI 

0-48 

4-0 xlO’ 

3 

0-31 

0-75 

D-B2 

0-81 

0-2 

29 xlO* 

3 

NB 

Nfl 

Ml 

VD 

NO 

12 xlO» 

1 

\D 

— 

VD 

— 

— 


As might have been expected, the per^t^ survival valuesd^ ^elj 
with ^different species under test With one C 

dipilAeriee, the percentage survival rates are of the same order 


258 


Lord Stamp 

m Tables 1 and 2 With the exception of Haemophilus peHiissis, the othei 
ranch less resistant to drjnng and two species, Heisscna memngiUdts 
Fu-szforima fusif omits, failed altogether to grow on subculture It shoul 
noted that certain species, such as Haemophilus peHussts and Strcptoc, 
pneumoniae, show an improvement only with neutralized ascorbic acid, 
sumably owing to the fact that they are particularly sensitive to acid I 
results suggest that sodium ascorbate may be better than ascorbic acic 
routine purposes 

A comparison of ike slow drying process over P 0 O 5 m vacuo 
imth the rapid freeze-drying process 

The relative merits of these two processes have not hitherto been investigi 
in much detail Chromohacterium prodigiosum was suspended in 10 % nutr 
gelatm contaimng 0 5% ascorbic acid In the first experiment test sample 
the material were dried simultaneously by the rapid freeze-drying lyop 
process of Flosdorf & Mudd and by the standard technique over P^Oj in va 
In the second test a comparison was made between the standard PoOg met 
and the rapid freeze-drjnng process developed by McFarlane The results 
shown in Table 4 

Table 4 Comparing the survival rates obtained by rapid freeze-drying procei 
with those given by drying over PgOg Chromobacterium prodigiosum 
10% nuineni gelatin with ascorbic acid 0 5% 

Percentage 


Method of drying survival 

P.O5 drying — W hr 00 2, 80 1 

Freeze-drying (Flosdorf <it Mudd, 1938) 33 7, 20 0 

PjOj drying — 48 hr 00 7 

Freeze-drying (A S McFarlanc, 1 042-3) 23 0 


The survival values were approximately three times higher i\ith P 2 O 5 dryi: 
than with either method of lyophihzation As a result of these experiments ai 
in view of its simplicity the slower drying method vas adopted as a routin 
It IS, nevertheless, likely that mth certain organisms, such as the memng 
coccus, Ijmphilization will prove to be the only satisfactorj' method, sm 
(Table 3 ) Neisseria meningitidis failed to sunnve drying over PjOj iihercas 
has been a general experience that it and the gonococcus will survive free? 
drymg, according to some workers for as long as 18 years (Elser cl al 1935, 
The higher survnval rates obtained with Chromobaclenwn prodigiosum I 
the slover dr>nng process might m part be accounted for by some degree 
groiith during drjnng Tests wth Chr prodigiosum m nutnent gelatin shoiK 
that mth the concentration employed (iQio organisms/ml ) the count mig 
increase slightly durmg the first 3 hr of drymg The maximum increase obtains 
was 80%, but It was usually less than this figure In the presence of nscorli 
acid this increase nas ne\ er found to occur The factor of groivth therefore d 
not appear to plaj an> substantial part m the results obtained 
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In the experimcnta recorded in Table 4 the degtee ot drying by the different 
processes was measured The weight of mouturc removed by drying the drops 
to constant weight over PjO* was 89 4% of that of undned material Bv the 
McFarlnne freese-drymg technique the loss of weight was 90 1% of the total 
It would appear therefore, that the method giving the highest degree of 
desiccation does not necessarily give the most elHcient results m preserving 
viabihtj 

The jyreservQiion of on drying by the geloHn-ascorbio acid 

process and on storing for long periods aver PjO* 

A large number of different bacterial species, and m one or two cases 
a number of strains of the same species were dried m mrited nutnent gelatin 
+ ascorbic acid over P^, and stored from 8 5 to 4 5 years At the time these 



storage tests were set up the deleterious effect on an acid pH on certaih 
species (Table 3) was not known and nearly all tests were earned out with 
unncutrahzed ascorbic acid, usually in a concentration of 0 25% The results 
are recorded m Table 6 and Fig 4 It will be noted m Table 5 that the per 
centage survival immediately after drying vanes from 90 to 12 5% and after 
4 years storage from 60 to 1% with one exception namely ^no choierae 
Those species with the highest initial survival rate tended to die less rapidlj 
than those with the lower imtial ffurvivni rates Thus the itrams with an initial 
sui^nval rate of 40% or over had in most cases fallen to about half their imtial 


Lord Stamp 

value m 2 years and to one-half to one-quarter in 4 years, for example 
the majority of strams of Salmonellae, Shigella shtgae, Chromobaciemm 
prodigiomm and Streptococcus pyogenes 


Table 5 Showing the survival rates of different species immediately after drying 
over P2O5 in melted nidnent gelatin with ascorbic acid and after long periods 
of storage at room temperature 


Species 

Ascorbic 

acid 

{%) 

Viable 
organisms 
per mg of 
dned matenal, 
immediately 
after drjnng 

Per- 
centage 
suixnval 
immc- 
dlatel}’' 
after 
drjang 
(2-3 days) 

Per- 
centage 
sun ivnJ 
after 
approx 

2 j ears’ 
storage 

Per- 

centage 

sum\nl 

after 

approx 

4 j cars’ 
storage 

Salm iyphi (T150) 

05 

» 0 7x10® 

CD 0 


60 0 

Salm iyphi (TlSO) 

0 25 

5 5x10® 

75 0 

34 7 

21 8 

Saltn lypht (T185) 

0 25 

6 4x10® 

80 C 

31 5 

15 0 

Salm typhi (T137) 

0 25 

4 0x10® 

48 5 



18 8 

Salm iyphi (T142) 

0 25 

2 5x10® 

21 7 

- 

1 3 

Salm iyphi (T180) 

0 25 

4 0 X 10® 

48 0 

■ — 

107 

Salm paraiyphi C 

05 

8 7x 10® 

33 0 

— 

14 0 

Salm iyphi-munum 

0 25 

— 

— 

20 0 

18 4 

Salm iyphi-suts 

0 25 

8 8x10’’ 

08 4 

11 5 

10 2 

Salm galhnanm 

05 

6 4x10’ 

741 

81 8 

28 4 

Bad coll 

05 

2 8x10’ 

25 5 

— 

12 0 

Slag shtgae (KC24) 

0 25 

2 3x10® 

80 0 

11 3 

4 5 

Shtg shtgae (K 024) 

0 5 

20x10® 

22 0 

— 

42 

Slug shtgae Is 19) 

0 25 

C 2 X 10’ 

38 0 

— 

10 5 

Vibrio cholerae (Inada S) 

0 25 

3 3x10® 

0 13 

00 

— . 

Vibno cholerae (Inada O) 

0 25 

1 0x10® 

0 15 

00 

— 

Chr prodigiosum 

05 

0 0x10® 

71 3 

20 5 

10 0 

Pasi pestis (L327) 

0 25 

1 0x10* 

— 

— 

1 0 

Past pestis (L887) 

0 25 

1 0x10* 



_ 

(approx ) 

1 0 

Past pestis (Schutze) 

0 1 

2 0x10® 

12 5 

— 

(itfiprox ) 

Pasi leptseplica 

05 

1 0x10' 

28 0 

4 0 

3 3 

Br mehtensis (Mentone) 

05 

2 0x10' 

77 0 

— 

17 3 

Ery rhusiopathiae 

0 25 

2 6x10’ 

28 a 

45 

20 

Ery rhusiopathiae 

0 5 

2 2x10’ 

23 0 

— 

1 2 

Strep pyogenes (Richards) 

0 0 

1 14x10’ 

08 0 

12 0 

8 0 

Strep Pyogenes (Richards) 

0 25 

0 7x10’ 

58 0 

20 1 

30 5 

31 f 

Strep pyogenes (Richards) 

0 25 

10’ approx 

— 

44 0 

Strep pyogenes (Richards) 

0 25 

1 2x10® 

01 0 

72 7 

48 5 

Strep pyogenes (Richards) 

0 25 

10* approx 

— 

02 0 

05 7 


Those vnth loNver initial figures of 12-30% (as, for example, Erysipelollmx 
rhuswpathiae and Pasieurella pestis) have m most cases fallen to onc-tcntli to 
one-tnentieth of the initial figure in 4 years Vthno cholerae, wth the lowest 
initial sur\n\ al rate recorded in this senes (0 1%), failed to grow when tcstcil 
a few months later Different strams of the same species, 1 e SalmontUa lyphi, 
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dilTcred markedly m imtiol survival rates The strains tested were all freshly 
isolated from fatal cases and were tested under identical conditions The 
initial survival rates were 40% or over but with one strain (Tl42) it was about 
20% Other typhoid strains e g Ty2 and Tl {not mcluded m Table 6) also 
gave lower figures varying from 6 to 26% An old laboratory stock strain 
Ty Oxford, gave on a number of occasions imtial survival values varying from 
30 to 80% It IS evident that considerable variation m resistance to drying 
exists among different strains of typhoid bacilli and the same may well be 
true for other species 

An indication of the effect of varying the cell concentration is seen with 
Streptococens pyogenM With a diminution m cell concentration, the percentage 
survival rate rises A similex effect has been noted with Pasiatrella p^siis and 
Salmonilla itjphx murtwn The advantage gamed in this wa), however is not 
marked and m order to obtain os high a number as possible of viable oiganisras 
in the dned material it is necessary to use highly concentrated suspensions 
Fig 4 shoivB the large numbers of organisms surviving m the dned samples 
o>er a 4 year period It indicates that with a number of species, positne 
subcultures may be expected for a very long further penod if the same 
conditions of storage arc mamtamed 

The pTe*erv<Uwn of virvleytcf 

A number of pathogenic species included m the above senes were tested 
for virulence before drying and after drymg and stonng for 4 years (Table 0) 
Though the tests were incomplete end m most cases on a smaii scale there is 
some indication of the degree to which virulence has been mamtamed 
Virulence has on the whole been extremely well preserved with the six species 
tested which include some which are notoriously difficult to mamtam m 
a virulent state The results with the Pasteurella group are particularly 
satisfactory The two typhoid strains were also tested for VI antigen by 
agglutination after storage and both aggluhnated to titre with a pure Vi 
antiserunu 


DISCUSSION 

The experiments provide a considerable amount of information about the 
factors which influence survival of bacteria on drying measured m terms of the 
percentage survival rates estimated bv a senes of viable counts of the cultures 
tested 

In the first place the medium is important. Of the different suspending 
media tested melted nutrient gelatin was the most satisfactory The consti 
tuenta of this medium namely gelatm Lemco beef extract and pepton^ were 
not tested separately in any detail but there is some evidence that the beneficial 
effect 18 mainly due to the gelatin (H. B Naylor pcrtonal communication) 

A favourable effect on the survival of many species was also produced bj 
ascorbic acid m certam concentrations Cysteme and thiourea ore said to 
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produce a similar effect (H B Naylor, personal communication) Those 
substances presumably counteract oxidation harmful to suixuval Glutathione 
single experiment n as found to be inactive Above concentrations 
of 0 25-^ 5o/„ the favourable effect of ascorbic acid is more than counter- 
balanced by the immical effect? of acid pH unless the acid be neutralized 


Table 6 Showing the refills of virulence tests on a number of pathogenic species 
before drying and after drying and storing for approximately four years 



Observa- 
tion Virulence test 

period before drying 

after , — »__I ^ 

infection Infecting Animals 

Species 

(days) 

dose 

hided 

Past pestis 

14 

0 5 ml oflO-* 
dilution of 
blood-broth 
culture, I p 

Mice hided 
regularly 

Past lepiscplica 

7 

100 approx , 

1 V 

8/0 rabbits 

Ery Thusiopatliiae 

11 

0 5 ml oflO-' 
dilution of 
broth culture, 
ip 

5/5 mice 

Strep pyogenes 
(Rioliards) 

30 

10,000 clumps 
approx , 1 p 

27/30 mice 

Salm typhi {T135) 
Salm ttfp/n(T160) 

7 

9 X 10’, 1 p 

I 5 X 10*, 1 p 

5/5 mice 
5/10 mice 

Salm typht- 
munum 

21 

1 1 X 10*, 1 p 

1 1 X 10*, 1 p 

1 1 X 10*, 1 p 

I 1 X 10-, 1 p 

5/0 mice 

4/0 mice 

4/0 mice 

3/0 mice 


Virulence test after 
drying and stonng 
for about 4 years 


f — ^ 

s 

Infecting 

Animals 

dose 

hided 

0 5 ml oflO-’ 

0/10 mice 

dilution of 


blood-broth 


culture, j p 

f 

Do 10"* dilu- 

10/10 mice 

tion 


200 approx , 

2/0 rabbits 

i V 


8000 approx , 

0/0 rabbits 


1 V 


0 5 ml ofl0~* 0/30 mice 
dilution of 
broth culture, 
ip 

10,000 clumps 0/10 niicc 
approx , i p 

2 2x10*, ip 5/5 mice 

2 0x70*, I p 3/5 mice 

4 0x30*, sc 0/30 mice 

4Cxl0‘, sc 7/30 mice 

4 0x10’, sc 5/30 mice 


I p = intrapentoneal route, 1 1 =intm’icnous route, s e =subeutnncous route 


With some particularly acid-sensitive species, e g Streptococcus pneumoniae nnA 
Haemophilus pertussis, exen concentrations of 0 1-0 25% arc deleterious, and 
an improvement in survival rate has only been brought about ■with neutralized 
ascorbic acid It has yet to be determined whether sodium ascorbate is as 
effective as ascorbic acid m preserving viability on storage o\ cr long periods 
With many species the surxnval rate mth ascorbiC acid in optimal concen- 
tration is 2-4 times that of control suspensions immediatch after drying and 
from two hundred to ten thousandfold after storage for 4 years With a few 
species, eg Streptococcus pyogenes, little or no improxement was apparent 
immediately after dryung After storage for 4 years, hou c\ cr, there x\as a ten- 
fold adx antage m the presence of ascorbic acid 

Another factor of importance is the method of drying Slou drying over 
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gave better results than freeze drying when a direct comparison iras 
made with Cltromobadenuni prodtgtosum as test organism suspended in gelatm 
and ascorbic acid Similar comparisons ore required "with other species Slow 
drying proved unsatisfactory for presenung a few species such os Nei^sfrta 
imningUtdis, Vibno cholerae and Fwiformta fimformis On the other hand, 
Herta Schwabacher (personal communication) found that eight straius of 
F fxtsifonms survived alow drying In gelatin ascorbic acid Six of these strains 
had previously faded to survive freeze-drymg Neistena memngUidi* and 
N gonorrltoeae were successfully preaerved by freeze-drymg (Elser ci al, 1086) 
Results with these organisms might wcU be improved by using gelatm ascorbic 
acid as suspending medium It is likely that with many organisms particularly 
the more delicate ones, ad hoc modifications m the technique for the difTerent 
species will greatlj impro\c the sumial rate, 

Lyophilization gives a slightly higher degree of desiccation thnn does drymg 
over PjOi In the latter process the matcnol is m the form of thm disks it may 
be that in these the drjing is not uniform throughout and that m the mtcrior 
where there may be more residual moisture condibons ore more favourable for 
survival In addition to the factors considered above there are others which 
may influence bacterial survival on drying Further studies are required of the 
effect of vnrymg the preparatioa of cell suspensions companng growths of 
different ages on solid media, and in static and aerated fluid media The nature 
of the gaseous cnvironraent and other physical conditions under which the cells 
are dried may also be of importance 

It IS noteworthy that with the gelatm ascorbic aad P,Oa method unlike 
others previously described storage m a high vacuum appears to be umm 
portant. This may be due to the presence of reducing substances in the dned 
material It was however found essential to mamtam a completely dry 
atmosphere An accurate comparison of the results of these drying experiments 
with those of other workers is difficult owmg to the fact that m very few cases 
previously have percentage survival rates been estimated Otten (1082) usmg 
saline as a suspending medium end drying over H^SOi found the following 
survival rates Immediately after drying Salmonella typhi 2 6-5% Shigella 
rfttgoe 0*6% or leas Vlbrto chokrae 0 05% He also statwi that pneumococci, 
gonococci and meningococci were far under 1% and the same is the case for 
most of the other pathogenic bacteria such ns Brucella melitenau Br nhoriue 
Pasteurella petite Hannophtlus xnjluenzae and H periutsia He noted n 
considerable improvement when meat extract was used m place of saline as the 
suspending medium but no figures were given 

In addition to viability and virulence, properties such as chroniogcmcity 
were well preserved In general with nearly all species the organisms appeared 
to be maintamed m a licalthy condition m the dried material ns judged bj the 
prompt and umform development of colomes when subcultured directly on to 
an optimal medium The gelatm ascorbic acid method is likely to be of 
considerable value for the maintenance of stock cultures of 
•pccies especially those liable to undergo H s 

of Hacmophihis periuttit and Vi strains of 
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be found possible to apply this process to the preservation of living vaccines of 
organisms like avmilent Pasieurella pestts (Otten, 1936 , 1941 , Robic & Mmec, 
1938 ) and Brucella abortus S 19 (Haring, 1938 , 1939 , Haring & Traum, 1937, 1941 ’ 
McEwen, 1941 , Huddleson, 1942 ) The organisms might be dried in ampoules 
and the suspensions reconstituted as required by the addition of warm sterile 
diluent The dosage required at different periods after drying could be dcter- 
mmed from a graph, should the fall in viability be found to be consistent under 
standardized conditions of storage 


The freeze-diying experiments were earned out m collaboration witli Dr D W 
Henderson and Dr A S McFarlane Aly thanks are due to the numerous persons 
who kindly supphed me wth many of the strains used I am indebted to the Chief 
Scientist, Mimstry of Supply, for permission to publish this work 
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ADDENDUM 

At the time of going to press H B Naylor A P A Smith have published a paper 
(1046 J Bad, B2 6B5) on the drymg ot Serralia marctsccTis {diTomobaetenum 
prodtgtosttm) which embodies the personal comraunicationi of H B Naylor 
referred to m the text. The greater part of the data presented above was 
available to these workers who found that gelatin could be replaced by 
dextrin, pectm or Marraite without affectJng the survival rate. Very high 
survival rates were obtained when the organisms from 24 hr aerated cultures 
were suspended m a solution containing ascorbic acid thiourea ammonium 
chloride and dextrm at pH 0-7 and dried by lyophiliiation 




Observations on two very large Bacteria, Caryophanon 
latum Peshkoff and Lineola longa (nomen provlsorlum) 

By E G PRINGSHEDI and C F ROBINOW 
Botany School Vnhenlty oj Cambridge and Strangeaays 
Retearch Laboratory Cambridge 

SUMMAHI rrtie organism Caryophanon latum PeslikofT a very large Gram 
negative peritrichously flagellated bactcrhim of ununial stmctural complexity 
•which Peshkoff (1040) found In cow dung near Mosemv has been Isolated In pure 
culture from Carabridgeshire cow dung 

The organism grows onlj poor!) on routine nutrient ngar but thrives on \*east 
extract + meat-extract agar especially If supplemented with small amounts of 
sodhmx ooetatCA In Uqidd media It doe# not mnltip\> but very small concentratioTu 
of agar ore sufTlclent to enable It to grow 

Individual ceUa of C lalunt have a diameter of 2 5-6 2 fu and are 10-30 ^ long or 
longer They divide bj binary fission like ordinary bacteria but lui\e In reality 
a chambered manj -celled structure which give# tlio organisms a superficial re 
semblance to fllamcntoos C3mnoph\ ccae The cell units are either discoid or shortly 
cylindrical and contain conflgumtlons of Feul^^ positive chromatlnio bodies similar 
to but more complex than thoae found In ordinary bacteria W e regard them as 
nuclear ftructure#- 

The provisional name of Lineola longa Is proposed for onother verj large Cram 
negative filomentoii# bacterium of unusual morphology very different from Corpo- 
phanon lalum also found In cow dung Tlie new organism U p^trichousl> flagellated 
and grows In filaments, 1 5 ^ wide and up to 200 p. long The component cells of tho 
filaments are few In number ondexoeedin^y long often 20-30 Fragmentation Into 
smaller units which Is tlie usual fate of filamentous forms in ageing cultures of 
ordinary bacteria, was ne\’er observed In L, longa 

In 1940 Peshkoff described Caryophanon latum a new very large bacterium 
distinguished bj a high d^ree of structural dlffcrentintion 

Peshkoff first found this extraordinary non sponng Gram ncgati\ e bac 
tenum in fresh cow dung gathered m the neighbourhood of Moscow Pure 
cultures were obtained b> plating samples •which had been diluted mth 2-fl 
parU of water and allowed to stand for 16-20 hr From the study of living 
material Peshkoff concluded that the long rod forms which represent tho 
natural growth hnbit of the new organism ore not divided into separate cells 
and represent closed tubes containing a var>’ing number of nuclei and a 
common protoplasm In 1040 he elaborated his pomt of vnew further and 
published high power photographs of living C latum filaments 

We have repeated Peshkoffs observation on the occurrence of C Ininm 
in dung and have isolated and reinvestigated the organism During this work 
a second very large but otherwise very different Gram negative bacterium 
previousl} undescribed, was encountered The investigation of the two 
microbes revealed that the variety of organisation possible In bacteria Is 
larger than is commonly assumed 
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flpparentlj favourable media, are liable to undergo a peculiar process of 
disintegration and are transformed into translucent patches consisting chicn\ 
of empty cell avails and granular debris The lysis first occurs in areas of con- 
fluent grov th, and v ell-isolated colonies usually remain unafiected Among the 
debris of lysed bacteria, structures resembling those in organisms of the pleuro- 
pneumonia group (the L-organisms of Klieneberger (Klienebcrger & Smiles, 
1942)) are vers’^ conspicuous Small numbers of these elements, crisph staining 
vesicles mth peripheral granules, n ere present after less than 24 hr incubation 
in the colonies of all freshly isolated strains that n e e.\nmmed It is still un- 
certain whether they represent a groudh form of the bacterium or indicate the 
presence of a sjunbiont or parasite 

Groxvih viflwd media According to Peshkoff, C latum does not gron veil in 
liquid media, this has also been our experience Growth m dung extract nas 
scanty, restricted to the surface and composed of deformed cells Changing the 
pH of the extract and the addition of meat extract, peptone and glucose caused 
no improvement Surprisingly enough theaddition of v'cry small amounts of agar 
(e g 0 1-0 2 %) to these liquid media stimulated gron th considcrabl} , although 
the cells u ere still abnormal in comparison with those grown on solid agar 

General morphology C latum is activ^eh motile Flagella stains and electron 
micrographs rev^cal a dense coat of peritrichous flagella vhosc diameter is 
approximatelj the same as that of the flagella of Proteus vulgaris and vliosc 
length is 9-12^ (i e three to four times the vidth of the organism) Cur\cd 
individuals may convey the impression of a writhing, snnkc-hke niovcnicnt, 
but the organism is quite rigid and incapable of actn e change of sliajic In 
agar cultures the bacterium often sn ims actively m the thin film of moisture 
cov ering and surrounding young colonics It also slides quicklv to and fro, at 
the same time rotating rapidly on its long axis where the wire loop has made 
shallow groov es in the surface of the medium Prev ented from inovung about, 
c g b\ the pressure of a cov'cr-glass placed on colonics grow mg on agar, many 
individuals while remaining stationary, spin rapidly on their n\c‘> These 
observations suggest that this bacterium would be a rewarding subject for 
a studv of flagellar niov cnicnt 

Apart from their large size and liv eh motility, the most conspicuous feature 
of the liv ing organisms is a pattern of more or less rcgularlv spaced parallel, 
transv erse lines w Inch div ide the long rods into a scries of discoid compartments 
(PL 1, fig 3) In optical sections of the bacteria, the transv trsc Imc-s appeardark 
and the contents of the compartments bright Inorgamsms from v oungc ulturcs 
continuous transverse lines are frequenth found alternating with others that 
are interrupted b\ a central gap Here and there particiilarh refractive 
compartments are seen, compresseti into a biconcave shape bv the adjoining 
normal ones (PI 1, fig 3), their incidence increases greatlv with the age of the 
cultures 

Peshkoff (1940. 194G) maintains th it the clear sections of the filaments arc 
nuclei (hence the derivation of the generic name) and that the lints bctwttn 
them represent the cv toplasm It seemed more plausible to us to rtgard the 
relativch dark paralltl transverse lines as ctll hrmtulnrus, the ihar sections 
between them as cv toplasm plus nuclear stnictures and tht bitoncavi. 
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pnrticxilarlj refractile soctions (not mentioned in PcshkofTs descnpbon) as 
dead compartments compressed bj the turgor of the adjoinmg cells A 8tutl\ 
of fixed and stamed preparations has confirmed our ideas 

The detailed einieture of Coryophonon latum 
Methods of fixation The bacteria were fixed wet and while still on the agar 
medium Squares cut from agar plates were exposed to oamic acid vapour for 
1^2 mm and inverted on cover-glasses then lifted off leaving an impnnt of 
fixed bacteria on the glass When the growth to be fixed was hea\’y the agar 
squares were pushed diagonoUv across the cover-slip producing a rapidlj 
drying smear Fixed preparations were stored m 70 % ethanol Comparison of 
fixed unstamed bacteria with living ones has shown that this method gives 
bfe like fixation and that the brief dr>Tng after fixation has no damaging 
effect on the cells 

SUnnvig of cell zcalU (1) Dried films of fixed bactena were mordanted for 
80 mm in 5 % tannic acid and then stained for 1 min with 0 02 % crystal 
violet m water In ordinary bacteria the cell wall and the cell membrane 
(i e, the outer layer of the protoplast) are readily and differentially stained bj 
this method (Robinow 1045) but C latum stains rather slowly Clear-cut 
staining of the cross walls m the interior of the large bacteria was sometimes 
only complete 12-24 hr after the stamed films had been mounted m water 
(2) Stainmg of the cell walls and cell membranes was achie^ ed more quickly 
b\ flooding fixed and dried smears for 3-5 min. with Morton s flagella stam 
(tannic acid potassium alum mgbt blue solution Smith 1005) In combination 
with thm stam an orange light filter was used 
Staining of cell contents Fixed prepamhons were stamed for 4 hr with 
Giemsa solution (1 drop/ml of water) and differentiated under the microscope 
in water at approx, pH 5 6 (prepared by adding 2 or 3 loops of glacial acetic 
acid to a Petn dish of distilled water) 

Staimng of chromaiinie strueiures These were differentiated from the evto 
plasm by treating fixed preparations for 7 min with v HQ at 56-00 nnsing 
m tap water and distilled water and staming with Giemsa solution (Piekarski 
1087 Robmow 1044 1945 Vendrely & Lipardy 1946 Vcndrely 1940) and 
diffcrcntiatmg with acetic acid water as above The Feulgen reaction for 
chromatmic structures was earned out m the usual vrav Following hj drolj'sis 
with N HQ for 7 ram at exactly 00* the preparations were left for 6 hr m 
SchifTs reagent nnsed in three changes of SO* water followed bj 1 hr m 
run ning tap water counterstamed with light green and mounted in DPX 
(Bntish Drug Houses Ltd.) 

Cellular tirudure of Caxyophanon latum 
Our idea of the cellular orgamxation of C latum is represented diagram 
matically in Text fig 1 The sj-atems of primary and secondary cross walls 
shown in the diagrams, arc visible In the living organisms and inside the 
transparent shells of lysed filaments &om old cultures (PL 3 fig 10) they are 
also easily demonstrated in fixed specimens by both direct and indirect means 
Indirect methods gl^ e the more impressive results and will be described first 
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Basic dyes are much more firmly held by the protoplasts of C latum 
than by its cell walls, and if staining in Giemsa solution or mctln Icnc blue is 
foiloued bv brief differentiation in i\eakl) acid water, the bacterial filaments 
are transformed into seemingly disjointed columns of deeply stained discoid or 
short cjdmdrical sections consistmgof themdoplasni and the nuclear structures, 
separated and bounded evternally bj colourless, faintlj- refractn c membranes, 
1 e outer cell ■wall and cross-ualls Secondary c^oss-^\alls projecting ccntri- 
petaU} into the cj'toplasm — ^in the manner familiar from studies of filamentous 
Cyanophjeeae and certain bacteria (Robmo\\, 1945)— are demonstrated 
particularly clearly in this way (PI 2, fig 5) 



Text fig 1 Dmgroni to scale, illustrating the structural difrcrcnccs between Canjophnmn 
latum (1), an ordinnrs bacterium {B cereiis) (2), and Liiicola louga (3) Onh the cell 
walls arc shown, the cell contents and flagella hn\c been omitted 'Ihc stijiphng of the 
biconca'Nc section in Caryophanon latum indicates disintegration of the contents of one 
component cell 

The appearance is reversed mth Alorton’s stain or tannic ncid-cr\stnl 
tnolet These stains lento the cell contents almost colourless, while outer Cell 
wall and transterse partitions in tanous stages of dctclopmcnl arc tcr\ 
distincth stained and fnithfulh reflect the pattern of fransterse lines which is 
so characteristic a feature of the hting organism (PI 3, figs 8, 0) 

The refractn e biconcave cells aircadt referred to, w Inch occur licrc and there 
among the normal discoid cells of iiting filaments, appear darker than normal 
cells in stained preparations (PI 3, fig 8) Thc\ arc cell chambers containing 
the remnants of disintegrated protoplasts 

Some of the cross-walls, usually the mcrlnn ones, are continuous, but most 
luuc the sluipe of annular diaphragms, some with wude, others with narrow 
central apertures (PI 3, fig 10) It would be incorrect, howc\ er, to nssumt on 
account of the apertures in the cross-walls that C latum has a eocnoejtic 
structure There is cs idcncc tint sister protoplasts arc separated, prcsimmhh 
In the formation of cell membranes, before the closure of the central ajicrtun 
in the cross-wall This ma\ be inferred from the readiness with whicli the 
bacterial filaments break up into their component protoplasts when plnred in 

strong solutions ofpotassiummtrateorsodium chloride (PI I, fig t) andintlu 

% arictj of dn nion stages to be found among the cells of the s iinc filament 
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The Bccfaonal cotistruction of the bacteria is emphasized by the fact that 
dismtegration of occasional protoplast* m the same filament, already referred 
to 08 gi\ ing nse to refracbve, biconcave cells is not accompanied b> the dis 
solution of the rest of the filament. The number of concave cells per filament 
varies greatlj , and the distribution of concave cells m the filament* is entirely 
at random 

This morphological picture is further complicated by the beginnings of 
tertiary cell iralls -which can often be detected ansmg from the outer cell wall 
of gro-wing filaments and projecting mto the cytoplasm in the narrow spaces 
between primary and secondary cross walls (Text fig 1) The simultaneous 
presence of cross "walls m three different stages of development — contmuous, 
those -with a central aperture and mere ndges on the inner surface of the outer 
cell -wail — gives a very close and remarlably regular stnation which is best 
seen after fixation or m strong salt solubon* This pattern of transv erse hnes 
IS shown in PI 2 figs 6 and 7a and PI 8 fig 8 

PeshkofiTs serial photomicrographs of growing rod forms of C latum 
provide additional evidence that their component cells (or nuclei in the 
author s interpretation) divide independently Provided the conditions of 
cultivation are optimal however the length of the rod* is kept within narrow 
lumts by the correlation of the rates of growth of the rod forms with their 
transverse fission Fission takes place by gradual constnction m or near the 
middle region in the plane of one of the preformed cross walls Secondary 
constrictions are often apparent in the middle region of daughter bacteria 
before the division of the parent organism is complete 


The cliromaiimc structures o/ Cary*ophanon latum 

The interior of the bacteria! cells is occupied by’^ large chromatmic structures 
which are difficult to demonstrate by ordinary staining methods because they 
are largely obscured by the basophilic cytoplasm These configurations arc 
more clearly differentiated from the cytoplasm if staining is preceded by 
hydroly'sis of the fixed oigomsms -with n HCI a method which has already 
proved very useful m studies of the cydologv of spores and vegetative cells of 
ordinary bactena (Piekarski 1987 v Plotho 1940 Robinow 1044 1945 
Kliencbergcr Nobel 1945) Interpretation of the chromatmic structures is 
difficult chiefly because in the narrow comportments mto which the cell 
chambers arc divided by developing secondary cross walls the chromatmic 
structures can only be vnewed m profile A. better view is afforded by the 
hemispherical cells at the tips of the filaments, by the single spherical cells and 
the short two or three*cell rods which abound in old cultures and by the 
component cells of fixed and stamed filaments disrupted by pressure. Cora 
parathely favourable material for the study of the chromatmic structures is 
also provided by organisms fixed 1 or 2 hr after trapsfer to fresh nutrient 
medium m which more space Is available for the chromatimc configurations 
than m the cells of organisms from older cultures 

Characteristic differences ore found between the chromatmic structures in 
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organisms fixed during the lag phase of multiplication followng transfer, m 
cells from }oung growing colonies, and m cells from old cultures During the 
restmg stage the chromatinic matter is often arranged as a continuous ring, or 
m horseshoe fashion, around a disk of non-cliromatimc material (PI 4, figs 
11-13) resemblmg, on a larger scale, the structure of the nuclei of resting 
bacterial spores In gromng cells the chromatinic structures appear to be 
composite and are more difficult to anahse (PI 4, fig 14) Certain configura- 
tions, Inch were frequently seen, suggest that each group ma^ be composed 
of several small, more or less rod-shaped bodies v Inch multiply bj longitudinal 
dl^^slon (PI 4, fig 15) Dn idmg chromatinic structures are numerous m 
the bacterial filaments from young cultures, but the detail of the process of 
multiplication is far less clear than it is in ordinary bacteria like Bacterium colt 
and Bacillus cereus Dmsion seems to coincide Avith, not to precede, the im\ ard 
progress of developing cross-u alls 

The cliromatmic structures gn e a well defined, if not ^ erv intense, positnc 
Feulgen reaction As m ordinary bacteria, the chromatinic structures in 
Caryophanon latum are not only more intenseh stained b\ Gicmsa solution 
(after h\droljsis) but arc also slightlj larger than in Feulgen preparations 
First emphasized b^ Piekarski (1937), this effect has more recentfi also been 
noted bv Wendlcr-Deane (1945) in Plasmodium inai and P kiionli’ti 

The presence of these structures m e\ cr\ cell at all stages of the gro^^ th c^ clc, 
their size and central position, as well as the fact that the\ arc most con- 
spicuous at times of most intense grouth actnitics, indicate that thej are 
important cell organelles More specificalh , the staining properties and the 
regular multijilication of the cliromatmic structures suggest that thej represent 
a true though perliaps a primitnc, nuclear apparatus 

Our photograph (PI 1, fig 3) shows that the component protoplasts of 
Imng, unstained rods of C latum appear brighter tlian the narrow partitions 
which separate them This difference is accentuated In Peshkoff’s ‘doublc- 
negatne method of photograph} (1940) Photographs of Inmg ‘Jcliromo- 
hacter Lpstcuui ’ (Peshkoff, 1938) and of h\ mg Protcu'; i ulgans (which wc ha\ c 
been able to examine tlmiugh Dr PcshkoITs courtcs\), in which bnglit con- 
figurations corresponding to the nuclear structures arc clcarh \ isiblc m the 
Inmg bacteria, ha^c induced Peshkoff to interjirct the bright sections of 
the C latum filaments in the same wn% ^\c arc forced to disagree with this 
Mcw, since the stud} of stained preparations has shown us that the bnglit 
sections in photographs of the In mg rods, Peshkoff s as well as ours, represent 
whole protoplasts i e not onh nuclei but also the c\toplasm which contains 
them 

In addition to the nuclear structures the c} toplasni usual!} contains 
s arsing numbers of small mctachromatie granules which arc conspicuous in 
fixed and stained cells not pretreated with IICl but absent from the c} toplasni 
of In droh sed bactena 

A beaded condition of the c}-toplasm was often encountcrcil m tin ridges 
flankm" inwardh progressing cross-walls It ina} liase been this c\toplasinK 
mnnulaUon that has led PeshkofT (1040) to assume the CMstence of numerous 

t** 
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ring chromosomes with dlstmot chromomcres m the cells of Caryophanon 
The true relationship of sets of the beaded ndges ansmg from the surface of the 
cjinplasm to the nuclear structures in the mtenor is e\ident from a com 
pansonoffigs 7a and t of PI 2 

The iaxonomte posttwn q/" Corj ophanon 

The general appearance of the organism and the eharacter of the nuclear 
structures suggested to Peshhoff (1940) the existence of n direct relationship 
to the blue-green algae’ AVe do not agree with this hypothesis but it must be 
admitted that manv features of Caryophanon — the filamentous growth habit 
the discoid cells the occasional occurrence among them of emptj concave 
‘necndia and the formation of hormogonla in the fragmentation of long 
filaments in old cultures — are remmiacent of certam Cj'anophyceac, e g 
species of Osctllatona This slmilant} is however insufficient to establish 
Q true taxonomic relationship 

Much more convincing mouropimon is the e\'idence relating Car^c^Aanoa 
to the great group of true bacteno. The features of Caryophanon which suggest 
this designation are (1) motUity due to the presence of topical pentnehate 
flagella (2) regulej binary fission of the composite rods (8) the absence of a 
distmctive slime laj er The fact remains nevertheless that in Caryophanon 
one encounters structural features previously unknown m bactena To mention 
but one and perhaps the most obvious of these the individual which behas es 
m a manner analogous to a pauciccllular rod form of sb> Bad coU is 
really a many-celled fllnment (tnchome) 

Rod forms composed of more than one ccU it is true, are common in ) oung 
cultures of many ordinary bactena and filamentous forms are n ell known in 
man) species but the former divide at the two or four-cell stage and the latter 
do not behave as umts of multiplication and are but transient stages m the 
growth cycle followed by fragmentation or spore formation 

C latum has much in common with some of the relati-v'd) large flla 
mentous micro-organisms which haie repeatedly been described as occurring 
m the intestines of vanous herbivorous mammals and which ha\c m the past 
commonly been regarded as cxilourless blue green algae. One of these OsciUo- 
sptra guiUtmnondi Chatton Perard {OretiJana comae Simons) an inhabitant 
of the mtestmes of the guinea pig we have begun to investigate, Tliough 
exceeding C latum in sire, 0 gmlbemwndt resembles that organism very 
closely in general appearance and constniction is motile b\ means of pen 
trichate flagella (Robinow unpublished) and has the same kind of discoid 
cells and chromatimc structures. Pure culture studies on other members of 
this group are needed before the classification of these bacteria con be profitably 
undertaken 


UNEOLA LONOA (nomen ^ 

In the multitude of micro-organisms seen in oov 
filamentous bacterium attracted our attention by it! 
very great length and more than ordinary width 
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CAi:o]o^Mt as so dafFereaat iTom ordinary bacteria and also from C iatum that 
Tve propose to coiaipare at wath tlae latter It -mil be described more fully an 
a separate paper and as here referred to under the provasaonal name Lineola 
longa 

The falaanents formed by this bacterium are not as wade as those of 
C laiwn but usually much longer They are sufficiently tough and fle\ible to 
■mthstand much t^\asting and bending Even the very long ffiaments are 
motile by means of peritraehous flagella Like C latum, L longa does not 
actively alter its sliape, and the seemingly VTithang, snake-lake character of its 
ponderous swimmingmovements is due to curvatures of the long filaments and 
to the rotation on their axis 

The filament diameter, 1 5-2 /n, does not exceed that of, for example, the 
rod forms an young cultures of Bacillus megatherium, at as the length that is 
extraordinary Filaments 80— 50^ long are common an agar cultures, and much 
greater lengths, up to 200 fi , are attamed an liquid media Cross-walls obsen’-able 
after tarmac acid -b crystal molet staming, occur at irregular mteiv-als and are 
few and far betv'een (PI 5, fig 16) Filaments more than 50 g. long consist of 
several sections, in shorter forms it is rare to find more than one cross-wall per 
filament Stainmg wth Giemsa solution reveals the absence of further sub- 
dimsions between the cross-w alls and shows that filaments are built up of a 
small number of cells 

L longa contains large numbers of small, rod- or dumb-bell-shaped Feulgen- 
positive bodies, similar m arrangement and appearance to those which 
Klieneberger-Nobel (1945) demonstrated in Clostridium oedem aliens var gigas 
Attempts to stain these bodies by the HCI-Giemsa method have not given 
comnncmg results, and detailed obsen ations on these structures have not yet 
been possible Multiplication is by transverse fission in the plane of a preformed 
cross- Wall Often, but by no means always, fission dnndes a filament into 
halves 


DISCUSSION 

C latum and L longa have certain general characters m common They 
share a common habitat, they are both uncommonly large, peritrichously 
flagellated, Gram-negative and non-sponng, and they are difficult to define 
taxonomically But they differ conspicuousl)’- m their construction C latum 
IS closely subdivided into discoid cells and bears a superficial resemblance 
to filamentous Cyanophyceae L longa lacks subdmsion into mononucleate 
compartments and, apart from the length of its component cells, is built like 
an ordmarj' bacterium It differs from the filamentous forms of the latter and, 
indeed, from Caryophanon in that the filamentous growth habit is its only 
form of existence, there being no stage in its growth cycle at which fragmenta- 
tion mto small units takes place 

We have pleasure m thanking Dr R Y Stamer for helpful suggestions and con- 
structiA e cnticism and Dr F W G Lund for his assistance in searching for Caryo- 
pfianon in the Lake District 
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EXPLANATION OF PLATES 

UdWs otherwise stated oxmlc add vapour Is the fixative used for stained preparotlons. Al 

stained preparations were photographed mounted In water 

PI.ATE 1 

Pig 1 CoryopAonon /alum In COW dong after 4 days at inom temperature, higrosln smear 

xew 

Fig 2. Small colony of the smooth type on beef-cxtract+ yeast-extract acetate agar (10 1) 
after 18 hr at 20 xlM 

Pig 3 Edge of a llNing colony of Caryoptumon Udum Incubated for 24 hr at 26 The fVb 
menu ore doeely subdivided by numerous eross-walls. The two refractlle biconca\x 
segments in the central filament are dWntegroted cells, x 1700 

Fig 4 Living unstained filaments of Caryophanon latum pinsmolysed In saturated solatkm 
of Bodhun chloride, x 2WO 
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Plate 2 

Fig 5 Cellular structure of CaryopAanon /er/Mm from a 24 hr culture Only the cell contents 
(cytoplasm plus nuclei) are stained Outer cell wall and cross-avails are not stamed, and 
the baetena consequently appear as columns of disjointed, disk-shaped protoplasts The 
peripheral notches are optical sections of grooves m the cytoplasm caused by developing 
secondan^ and tertiarj-^ cross-walls Osmic acid, Giemsa x 2700 

Fig 0 Different stages of transverse fission of typical C latim individuals resenibhng 
the growth habit of ordinary baetena Differences in the appearance of the filaments are 
due to their lying at different levels of focus Thus, surface detail, i e a closeh spaced 
t^a^s^'•erse stnation, is m sharp focus m the bacterium indicated bv the arron, nhereas 
the unstained nuclear structures in the mtenor are in focus in others Tannic acid, 
crystal violet x 2700 

Figs 7a, b Two photographs of the same group of filaments from a young culture (n) Close 
stnation of the cjdoplasm caused by mcipient and more or less fully formed cross-walls 
Tlie cytoplasm is granular (b) The nuclear structures in the mtenor after treatment with 
HCl Giemsa preparations x 2700 


Plate 8 

The magnification of the photographs on this plate is indicated bj the scale underneath fig 8 

Fig 8 Formation of ‘ hormogonia ’ by the fragmentation of long filaments in a culture 4 davs 
old Note the darklv stamed biconcave dismtegrated cell m the right half of the upper of 
the two long filaments Tlie pattern of pnmarj' and secondarj' cross-mills is ^ ers'' clear 
and emphasizes the life-like fixation obtained with osmic \ apour Mordanted -mth 5 % 
tannic acid, lightly stained with 0 02 % crystal nolet 

Figs 9 a, b Tivo photographs of a group of filaments from a 4 hr old culture of Canjophamn 
latum, stamed first mth night-blue-tannic acid, to shov the cell boundaries (n) and 
aftemards treated mth HCl and stained mth Giemsa solution to sliou the cjToplasni 
and the chromatinic structures of the component cells of the same group of filaments (h) 

Pig 10 Empty transparent shells of a chain of C latum individuals from a 0-ncck old 
agar culture The cell contents have sed, but the outer cell iroll and the cross-walls 
remam Most of the cross-walls are not yet fully formed and arc annular diaphragms 

Plate 4 

The magnification of the photographs on this plate is indicated bj the scale alongside fig 14 

Figs 11-13 Flat nuclei with penpheral concentrations of chromatin in resting forms of 
Canjophamn latum from 4-5 dav old cultures A single cell, spherical during life, is seen 
m the upper half of fig 12 In the short cells of the composite indiiiduals m figs 11 and 
13 most of the nuclei are seen sideways, a fuller ^neu of them is obtained in some of the 
more or less hemisphencal end cells 

Fig 14 Compact, polygonal, chromatinic structures in growing rod forms of Canjophanoii 
latum, fixed IJ hr after transfer from an old culture to fresh nutnent medium 

Fig 15 Chromatinic structures in growmg filaments fixed 5 hr after transfer from an old 
culture to fresh nutnent medium Most of the chromatinic structures m the rimment to 
which the arrow is pointmg seem composed of groups of small dumb bell shaped rodlets 


Plate 5 

Fig 10 Lincola longa Osmic acid, tannic acid, crj stal Molet, smear preparation x 3000 


{Received 23 December 1946) 
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The Production of Acetylcholine by a Strain of 
Lactobacillus plantarum 

JIAHJORY STEPHENSON and ELIZABETH ROWATT 

With an Addendum on the Isolation of Acetylcholine as a Salt 
of Hexanltrodlphenylamine 
Br K. HARBISON 

The Medicfil HwoTch Council VnUfor CJicmietil Micnbiologi/ 

The Biochemical Laboralary Combrhl^ 

SUMMAR\ A strain of Ladobactnus plantarum has been Isolated from Sauerkraut 
which can produce acetylcholine during growth and in ^^l8hed. suspensions The 
conditions necessary for tlie production of acetylcholine ate (1) the presence of 
choline and (il) the simultaneous fermentation of carbohydrate* ITic acetylcholine Is 
formed inside the cdls and subsequently posses into the medium Tlie amount formed 
can be about 6 /ig acctvlchollne/rag dry wL cclls/lw The acetylcholine \ni8 Identified 
by the usual biological tests and was also Isolated and identified os the salt of hexa 
nitrodiphenyUralne The mechanism oftiieacctylatlon has not been dlswered* Cells 
grown in the absence of added x>cintotbenate acetj late extremely slowly The rate is 
restored by the addition of pantothenate to the ccU suspension 

Instances of the production of acetylcholine by micro-organisms are not very 
numerous* Ewins (1914) isolated it as the platimc chloride from 1000 ml. of 
a liquid extract of ergot prepared according to the British Pharmacopoeia and 
hence attnbutablc to production by Claviteps purpurea the yield was not 
given Keil & Kntter (1084) found 40/ig /ml acct\ Icholine in Sauerkraut 
juice From 3 L of Sauerkraut they prepared a rcinecknte of acetylcholine 
from which 0 2 g of a gold chloride compound was obtamed* The same 
workers (1985) obtamed from fresh white cabbage some choline which they 
suggested was the ongm of acetylcholine m Sauerkraut, but they were xmable 
to find cholme m fresh cucumber though acetylchohne was found m fermented 
cucumber they stated that cholme added to fermenting cucumber did not 
increase the yield of acetylchohne, which flnafly amounted to 26/ig/ml 
estimated biologically The organism was described as a lactic acid bacillus 
Keil i. Gropp (1084-5) obtamed 0 012 g of a gold salt of acetylchohne from 
2 7l of fermented cucumber juice. Its isolation from a silage ofmaize and son 
flowers has also been reportoi (Keil & POrtner 1985) 

Ijactic acid bacteria producing acetylcholme in the fermentation of plant 
juices seem widespread They have been isolated from Sauerkraut fermenting 
cucumber silage (Habs 1087-6) fourteen krnds of fermented vegetables 
(MOller A- Ferdinand, 1987-8) rat gut, human mouth and faeces (Habs 1087-8) 
It is impossible to decide from the data whether strains isolated from all 
these sources represent the same organism. Where bacteriological identification 



280 


M Stepliemon and E Rowatt 

has been attempted (MoUer & Ferdinand, 1937-8, Habs, 1987-8), it seems 
that the orgamsm is a lactic acid-producmg bacillus, found most frequently 
in fermentmg plant juices, haAung a temperature optmium below 87° 

In comparing the content of acetylcholme in fermented plant juices and in 
animal tissues the presence in the latter of an active chohne esterase, an enzyme 
which has not so far been reported in the former, must be remembered In 
animal tissues the spleen is among the richest m acetylcholine Dale & Dudley 
(1929-80) extracted it from horsespleen with cold ethanol m amounts equivalent 
to 10 fig /g wet tissue From 82 84 kg of spleen these workers obtained 
64 5 mg of acetylcholme as the dichloroplatmate Chang & Gaddum (1938) 
estimated the acetylcholme content of a number of animal tissues and found 
the placenta and spleen to be the richest, con taming about 80 fig jg in both 
cases Other tissues had only 1-4 /ig/g or less Stedman & Stedman (1987) 
found 7 fig jg of o\ brain (wet weight), from 8 kg of which thej'^ isolated it as 
the chloraurate Thus fermented plant material jnelds acetj Icholme in amounts 
greater than, but comparable with, spleen, i e about 60-80 fig /ml 

The present research was undertaken with the object of finding the origin of 
acetylcholme in fermented plant material and of studying its mode of pro- 
duction As Keil’s strain was not available to us it v as necessarj’- to isolate an 
acetylcholine-producing organism 


MATERIAL AND MEDIA 
Sauerkraut 

Sauerkraut Mas prepared as foUoivs About 1 kg of finely shredded cabbage was put 
m a ICdner bottling jar with 20 g NaCI m alternate laj’-ers, well pressed down and left 
at room temperature for 6-10 days, by this tune the jmce was at pH 3 8 and gaie 
a positive leaction for acetjdchohne (see below) At this stage the organism could be 
isolated , later the orgamsms tended to die off due to prolonged exposure to a low pH 


Cucianber jiace 

Fifty-one kg of ndge cucumbers were jjeeled, minced and squeezed m a press, 
25 1 of juice M ere obtained This was filtered through pleated paper mto 5 1 flasks 
and steamed for 3 hr on three successive days It was tubed and restenhzed as 
required 

Media 


Medium 1 {glucose agar) 330 ml of a trjqitic digest of casern (eqm^•alent to 10 % 
casein) , 10 ml 10 % Slarmite , 10 g glucose , 30 g agar, ivater to 1 1 
Medium 2 (Jot heavy growth) Inorgamc medium (no 3) 100 ml , 330 ml of a 
trimtic digest of casein (10 %) , 10 ml 10 % Marmite , 20 g glucose (or other su^r), 
10 ml Ji-sodium acetate, 200 mg cysteme HO sterilized bj mtration and added 

last , water to 1 1 „ /vtt \ tmrv 

MediumZ Inorganic KH,PO„ 3 0 g , MgSO« *^^^2 g ,NaCl,3 g ,{NH«).OTO„ 
12 g , FeSO^ 7HjO, 0 03 g , CuSO^ 7H,0, 2 5 mg , MnSO< 7H,0, 2 o mg , 

ZnSO, 7H.O, 2 5 mg , water to 1 1 j „ 

3Icdium'4 Synthetic Inorganic medium (no 3) 100 ml , glucose 20 g, 
acetate 100 ml l-asparagine 0 1 g , 1-gIutamme 0 1 g , f-cj steme - g > ‘ DT 
phan 0 02 g , Meueme 0 02 g . 1-isoleucme 0 02 g , 1-sermc 0 02 g , l-phem lalanine 
^ 02 g hafpartic acid 0 02 1 , Mahne 0 02 g , 1-tjTos.ne 0 02 g , /-alanine 0 02 g . 
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/ threonine 0 02 g /lj'alnc0 02g Z methioiiine 0 02 g / arginine 0 02 g /histidine 
002 g thymine 0-01 g adenine OOl g / glutamic add 002 g uracU OHDl g 
hypoxanthine OOl g guanine OOl g to which were added the foUovrlng growth 
factore oneurin 200 /ig riboflavin 200 /ig caldum pantoUtennte 100 ^ nicotinic 
add nraldc 200^ig p amlnobenrolc add lOO/ig pyddoxin 100/ig folic add con 
centrate equivalent to about 6 /ig water to 1 1 

Medium 5 Snnistpithetic, Inorganic medium (no 8) 100 ml add hj*drolysatc of 
casein (10%) 100ml glucoae 20 g ii-codlum acetate 100 ml /tryptophan 
200 mg cysteine HQ 200 mg growth factora as in medium 4 water to 1 1 

Medium 0 Reaeiion tolutwn (does not support growth) MoUvalnea buCTer 
pH 7 5 2 mh (M-sodium acetate 1 ^•) 20 % glucose 1 mt 0*5 % dioline HCl 1 mL 
(BInS 04 + Mg ^4 each 0 4% 1 mh*) uaed idth 1 ml of a bacterial suspension about 
20 mg /rah water to 10 mL (• these items later found to be dispensable) 

Neither the cucumber juice nor media 1-0 contained preformed acetj Icholine, 

Mrthodi of estimaiion 

MitceUaneous Hio amount of growth and of cell suspension used were estimated by 
the use of a pliotoelectrio turbidimeter from the readings of which the dry wight was 
read off from a calibration curve constructed for the organism results are recorded in 
terms of diy weight of cells tliroughout. Glucose was cstimnted by the metliod of 
BliUer d- \ an Slyke (19S0) and lactic acid by the methods of Friedemann Cotonio &, 
Shaffer (1927) and Friedemann «t Kendall (1920) the latter after treatment with 
copper lime 

Volatile adds were estimated by the method of Friedemann (1938) 

AettylchoUne. The method used was cssentlaDy that of Chang Si Gaddom (1983) 
the exact procedure being that employed by Dr Feldberg to whom we are Indebted 
for Instrucrtlon In using it. The procedure is as follows The standard acetylcholine is 
prepared fresh each day and nWe up »o as to contain 1 /ig /mL in slightly add water 
Eserine stock solution consists of 1 g eserine In 200 mL of slightly add water 
(O-OOSw HCl); 1 ml of this solution is diluted afresh each day with 500 mL frog 
Ringer 

The muscle Is excised and p\rt up in the glass chamber with frog Ringer and 
aerated with a steady stream of air bubbles for 1 hr the Ringer is then drained off 
and replaced by eserinired frog Ringer and aerated for a second hour The muscle is 
then ready for use. 

The standard acetylcholine and the solutions to be assaj*ed should be kept in Iced 
water Acetylcholine standard solution (0*2-0'5 mL) Is made up to 10 ml with 
eserinired fr^ Ringer and poured into the chamber and the muscle allowed to 
contract, the contraction being registered on a drum moving at about 10 mm /min. 
The period allowed for contraction la 1 6 min. The muscle is then washed once with 
frog Ringer and left at rest In eserinked frog Ringer for 5 nrin. The essays arerepeated 
alternately with standard acetylcholine and the test solution till two adjacent con 
tractions are obtained of the same height. 

In order to eliminate error due to activating or sensitixing substances other than 
acetylcholine In the unknown solution a portion of tliia should be boiled at pH 10 
ncutaalixed and a % olurae added to the acetyicholine standard equal to that used in 
the assay 


THE ORGANIS5I 
Itolatwn 

From the Sauerkraut prq^ared as described 1 ml samples of juicc were with 
drawn at mtervals and tested for acctylcholme. The test was positive on the 
6th day when the acct>lcholme amounted to 2 0^ /ml The juice was then 
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heavily inoculated into cucumber juice which was incubated at 25° and tested 
for acet 3 dchohne daily, a positive reaction was obtained on the 4th daj" nhen 
the concentration was c 12 fig /ml The culture was again subcultivated into 
cucumber juice and plated on to cucumber juice agar, two types of colony v ere 
obtamed large (A), and small (B), both were replated on to glucose agar 
(medium 1) plates, A-type colonies appeared in 20 hr and B-t^qye m 40 lir , 
A orgamsras were Gram-positive streptococci and B organisms were Gram- 
positive short rods, when subcultivated into cucumber juice A gave no acetj'"!- 
chohne and B gave acetylcholine in 5 days 

Characteristics 

The orgamsm was kindly exammed for us by Dr P ]\I F Shattock of the 
National Institute for Research in Dau-ymg, Shmfield, near Reading, to whom 
we owe the following details 

Morphology short rods ivith rounded ends usually in pairs. Gram-positive 
Grows well aerobically at 30°, will not grow at 45°, grovdh stimulated by yeast 
extract Very slow production of acid in litmus milk Acid from sucrose, 
lactose, maltose, raffinose, salicm and aeseulm No acid from xjdose Pro- 
visionally identified as Lactobacillus plantarum 

A culture has been deposited in the British National Collection of Tj-pe 
Cultures, no 7220, and in the American Type Culture Collection, no 10241 

Otliei organisms tested for the production of acetylcholine 

Twenty recently isolated strains of streptococci were grown m cucumber 
juice for 4-6 days and the medium then tested for acetylcholine, none was 
found The followmg strains of Lactobacillus were kindly supplied by Dr 
Shattock from the National Institute for Research in Dairying, and were 
tested on the same medium after 48 Iir growth Lb bulgancus, Lb helveticus, 
Lb acidophilus (Booth), Lb delbiuckt 4033, Lb delbnlcki B, Lb caset 3253, 
Lb casei Y CTl , Lb pentoaceticus (107), Lb plantarum 8254 and Lb plan- 
tarum 4125, all these gave no acetylcholine Lb odontolyticus gave 4 5/ig 
acetjdcholme/ml , Lb plantarum, our strain, gave 7 0 fig /ml The Lb odonto- 
lyiicus was subsequently identified as Lb plantarum 

Whether our organism is identical with Keil’s we have not enough data to 
decide, but the very different temperature optima for acetylcholine production, 
below 25° for our organism and 80-35° for Keil’s (MoUer & Ferdinand, 1937-8), 
suggest that they are distinct, though it must be admitted that the temperature 
optimum for growth or any chemical reaction is not a stable characteristic 

General biochemical characteristics 

The organism is a facultative anaerobe, it has no detectable catalase, 
C 3 i;ochrome or cytochrome oxidase In accordance with its lack of haematin 
enzymes its respiration as measured by the manometric oxygen uptake vas of 
a very low order, Qo, 6-10, and was not materially influenced by age of culture 

The anaerobic oxidation of glucose by methylene blue (MB) was of a higher 
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order the oxidotion of sugars other than glacose “a os low or negligible (Table 1) 
AVhen the organism was grown on the sugar m question i e was adapted, the 
Q*, (sugar) was higher (Table 2) 

Table 1 The oj*ida/ion of eitgart by unadapied eelU o/ Lactobacillus 
plantarum a* meatured by the redudton of methylene blue 

Growth medium 2 wmi o»ed Each Thunberg tuba contained 1 1 -0 ml bacterial tuspenalon 
IK) ml phoaphate bnfter pH 0 5 0 1 mb 0-5% methylene blue (ilB) 1*0 mL augnr or 
water; 1 8 mb wnter The end point woa read na 00% reduction of the MB Oj 

equivalent to MB reduced/mg dry wt cell»/hr 


Sugar 

(sugar) 

Q„ (blank) 

GOucow 

so 

2 8 

Pructfae 

0-4 

2 8 

Mahose 

28 1 

9-4 

SuenMe 

97 

e 8 

Lactate 

04) 

28 


Table 2 The oxidation of siigar» by adapted cells as measured 
by the reduction of methylene blue 

Cells grown on medium 2 Each Thunberg tube contained : 1*0 mb bacterial tuapen^lon 
l-O ml phoaphate buffer pH 0 5 0 I mb 0-5% methjiene bine (ilB) 1 0 mb 0 S% sugar or 
water 1 8 mb wnter End point 90 % reduction of MB Qaa* 0» equivalent to MB 
reduced/mg drj wt, celli/hr 

Sagar Qac, (sugar)* Q*j (glucose) 

Ffuctoae T7 

Galacto^ T1 70 

Anblnoae 0 0 88 

S'i*CTO*c 25 78 

MohoK 18-4 72 

* Sugar to which organlim was adapted. 

The organism is more elTlclcnt as a fermenter than as an o'^dizer The fer 
mentation was measured nmnometnesUy by the bberation of CO, b> fermenta 
tion add from bicarbonate buffer The of glucose increased with age of 
culture from Qoo, 120 for 20 hr to Qqo, 101 fo*" br Fermentation of other 
sugars was low or negohve with unadapted cells but increased when the 
orgamsm was grown on the sugar studied (adapted cells) (Table 8) 

Temperature optimum for fermeniation The bactena were grown for 2 days at 
26® on medium 2 The fermentation was earned out m Thunberg tubes each 
tube contained 2 5 ml phosphate buffer pH 7 0 1 ml bacterial suspension 
(2 6 mg /ml ) 1 ml water 0 5 ml 0 6 % glucose m the hollow stopper The 
tubes were evacuated and placed m the bath for 10 mm for temperature 
equilibration the glucose was then tipped In. The tubes were removed at the 
end of 80 mm. and the glucose estimated by the cenc sulphate method The 
temperature opbmum for fermentation is 40 (Fig 1) and the pH optimum by 
the same technique 6 5-6 8 (Fig 2) 

Type of fermentation The mam product of fermentation was lactic acid 
71-88 % of the glucose fermented bj washed suspensions of cells appeanng as 
lactic add in these circumstances 20-80% of the glucose was usuaUy assimi 

0U13 


Q« (blank) 
5 0 
U 
2 8 
3*4 
4 0 
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lated by the cells Since it was of importance to be certain whether tins 
organism did in fact produce volatile acids these were specifically looked 
for 

A mixture of cells (280 mg ), 250 ml phosphate buffer pH 6 5 and 2 5 g 
glucose was fermented to completion at 25°, NaOH bemg added at inten'als 
to keep the pH approximately constant The cells were then centrifuged off, 


Table 3 The fermentation of sugars by unadapted cells (grown on glucose) 
and by adapted cells (grown on the sugar subsequently fermented) 

Grow'th medium 2 used for cultivation of cells Each manometnc cup contained 1 5 ml 
NaHCOj, pH 7 2, 1 0 ml bactenal suspension about 8 mg /ml , 0 5 ml 0 4% glucose (or 
water) in side bulb Temperature 37°, gas phase 6% CO, m N, Qco„= pi CO. /mg dry vt 
cells/hr 

Adapted cells 

Unadapted cells — * , 


Sugar 

QcOj 

(sugar) 

QfOfl 

(blank) 

Qcoa 

(sugar) 

Qcoa (glucose) 
(for 

comparison) 

Qeoa 

(blank) 

Fructose 

28 a 

47 

457 

877 

55 

Galactose 

2 0 

1 0 

220 

108 

1 0 

Maltose 

2 0 

2 0 

184 

178 

1 7 

Sucrose 

0 

0 

88 

272 

2 6 

Lactose 

0 

2 6 

800 

820 

0 

Xylose 

0 

0 

0 

150 

1 8 

Arabmose 

0 

0 

108 

175 

1 0 

He\osedipIiosphate 

81 

0 

— 

— 

— 



Fig 1 Effect of temperature on rate of fermentation of glucose 


Fig 2 Effect of pH on rate of fermentation of glucose • — • acetate buffer, O — O 
Mclhaine’s buffer, x — x borate buffer 


the supernatant fluid filtered through Kieselgulir, made alkaline to phcnol- 
phthalein and evaporated in vacuo to 25 ml Volatile acid was estimated in this 
volume by the method of Friedemann (1938) Volatile acid (6 46 mg calculated 
as acetic acid) was obtained, equivalent to 0 85% of the glucose fermented 
This amount is within the limits of the experimental error and provides no 
evidence that acetic acid is a product of fermentation by this organism 
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THE PRODUCTION OF ACETYLCHOLINE 
Forviatwn dunng grotcih of the organum 

So far acetylcholine had only been produced by organisms gro^g in vegetable 
juices It is however, produced on medial (liquid) and 2 and in small quantities 
occosionailj on 5 the medium best suited for the production being a mixture of 
equal volumes of cucumber juice and medium 2 The organism grown for 
20 hr on 1100 mb of this medium produced 28 mg acetylcholine and 490 mg 
dry wt, of cells the acetj Icboline thus produced amounting to 25^ /ml 
culture and 57 /tg /mg cells The acetylcholine was distributed between the 
cells and the medium The total culture (cells and medium) contained 24 7 pg 
acelylcholme/ml^, of which 12 8^ /ml was In the supernatant. The washed 
cells added immediately to the fluid in the chamber contalmng the muscle 
gave no response when, however the cell suspension was slightly acidiflcd 
boded and neutrallxed it ga\e with the muscle an immediate response 
equivalent to 0 6pg acet>lcholIne/mL this response was abolished hy boding 
at pH 10 

This result is reminiscent of the synthesis of an acetvlcholine precursor by 
brain tissue reported by Slann, Tennenbaum A- Quastel (1988) who effected its 
liberation by the action of acid and of chloroform We are mclmed to tbuik. 
that in the case we were studying the acctylclioline was free in the cell since it 
was liberated by the action at room temperature of surface active agents such 
as tyrocidin aerosol 0 T and also by durupting the cells by shaking with glass 
beads (Curran A Evans, 1042) 

Thus 1 ml cell suspension contalmng 18 4 mg cells/nd bberated on boilmg 
17 /ig acetylcholme/mg cells 1 ml of the same 8usp>en5ion added to 1 ml of 
tyrocidin solution (1 mg /ml ) and left at room temperature for 80 min 
liberated the same amount of acetylcholme, whde the control suspension left 
in water liberated 0 69/ig aoetj Icholme/mg cells. A similar result was 
obtained by the use of aerosol 0 T used m the same concentration and in the 
same conditions as the tjTOcidm 

Ten mb of a suspension of cells (20 mg /ml ) was shaken for 0 lir in a 
mechanical shaker with gloss beads in order to disrupt the cells (Curran A 
Evans 1942) a similar suspension was left untreated The control suspension 
before bodmg gave a muscle response equivalent to 0 S^ig acetylcholme/ml 
after boiling 2 2^ /ml The disrupted cell suspension gave 2 42;ig acetyl 
choUnc/ml before boiling and 2 40pg /mi after boiling Thus both surface- 
active agents and mechanical disruption liberated the acetylcholme from the 
cells 


Forniofion of aceiyl^ioline %n nwhed tuipeustons 
The cells grown in any of the media described will after centrifuging and 
washing synthesize acetylcholme m medium 6 without further growth It is 
seen from Table 4 that the non prolifcratmg cells continue to synthesize 
acctylchohne, which mcrcases about threefold it is also seen that whereas at 
the start of the experiment 00 % of the acetylcholine was present in the cells. 
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at the end of the period 2 % was found in the cells and 98 % in the medium 
A method for studying acet}dchoIine formation apart from cell multiplication 
having been arrived at it became possible to study the process m further 
detail 


Table 4 The synthesis of acelylcholtne by cell suspensions of 
Lactobacillus plantarum 

Cells gnnm on a mixture of equal volumes of cucumber juice and medium 2 at 25° for 
20 hr Cell suspension (3 0 mg dry ^rt cells/ml ) 1 ml +0 ml reaction medium C incubated 
at 25° Samples lthd^a^^ n at 0 hr and 20 hr 

Acetylcholine 



/ig/ml 

^g/mg dry 
ivt cells 

[iglml 

/ig /mg dn 
irt cells 

Penod of incubation {hr ) 

0 

0 

20 

20 

Suspension before boiling, A 

08 

0 77 

7 5 

10 2 

Suspension after boiling (total), B 

30 

77 

04 

24 0 

B — A (stored in cells) 

27 

C 03 

1 0 

4 8 


Relation bettveen concentration of bacterial suspension and rate of formation of 
acetylcholine The cells were grown as usual, centrifuged, washed and suspended 
in varying concentrations in the reaction medium containing 3% glucose, 
incubation was at 25° The rate of formation of acetylcholine was established 
by withdrawng samples and estimating acetylcholine at 0, 2 and 4 lir for each 
concentration of cells used Fig 3 shows that m the conditions of this experi- 
ment the acetylcholine formed ^vas proportional to the dry weight of cells 
present hehveen 0 and 0 66 mg /ml 

Temperature optimum Fig 4 shows that the rate of sjmthesis was higher 
at 20° than at 87°, this is not in accordance inth the optimum temperature for 
fermentation, which is 40° As in most cases the experimental period was 
2-4 hr and never more than 20 hr , the experiments were carried out at 25° on 
account of the greater ease of maintaining constancy at this temperature 
Effect of anaei obiosis In the expectation that anaerobic conditions uould 
favour the reaction, aerobic and anaerobic conditions were tried, the aerobic 


reaction ivas carried out in small Erlenmeyer flasks, the anaerobic reaction in 
evacuated Thunberg tubes The results are shown m Fig 5 The difTerence is 
not very marked and subsequent work uas carried out aerobically 

The effect of various constituents of the reaction medium An experiment was 
carried out to determine uhicli constituents of the reaction medium uere 
essential to the synthesis of acetylcholine Acetate and phosphate replaced 
Mcllvaine’s buffer, and glucose and choline were m turn omitted From 
Table 5 it appears that in the absence of choline or of glucose no synthesis 
occurred, and tliat acetate buffer could replace citrate + phosphate mixture, 


also that added phosphate was not essential 

An analogous increase in the formation of acetjdcholme due to the present 
of glucose has been noted m the case of brain slices (Quastel, Tennenbaum A 

^^^ 1 eatley, 1986), m this case the action was aerobic , ^ r 

Concentration of glucose and age of culture Fig 6 shous that ^ate ^ 
sjmthesis of acetylcholine uas the same in 0 1 w- and 0 02M-glucose, but that m 
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0 Olu-glucosc there was a significant drop The age of the culture was not of 
great importance m the synthesis (Fig 7) 

Correlation behceett acHyJeholine tynihcsizedf glucose fermented and change m 
pH. Fig 8 and Table 6 show that synthesis proceeded smoothly so long ns any 
glucose reraamed and then ceased also that the ratio of acctylcholme s>ti 
thesiied to glucose fermented remained remarkably constant over the period of 
the experiment. PjTuvate could not replace glucose. 


! 




Fig 8 Fig 4 

Fig a Effect of coDcentrmUoQ of cell* oq rale of fonnatUm of acctylcboUne, 

Pig 4 Effect of temperature on rale of formation of acetylchoUne. 



Fig fl Effect of anaerobloals on rate of formalkra of acetylcholine 

The action of some inhibitors on the fermentation and on acetvlcholme 
production is mdicated m Table 7 and the action of certom phosphor} Intcd 
derivatives on the srNmthesis of acetylcholine in Table 8 

Fffect of the absence of choUne frtnn the grorcth medium 
Medium 4 was devised to ahow whether the organism could grow without the 
production of acetylcholine Cultures grown on medium 4 produced no 
measurable amount of acetvlcholme in the cells or culture fluid. For example 
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184 acetylcholme/mg cells was produced m the presence of chohne and 
<0 17 fig /mg cells in its absence, the growth amounting to 0 091 and 
0 092 mg /ml m the two eases '\’\Tien the mixture of amino-acids was replaced 


Table 5 TJw effect of various constituents of the cultuie medium 
on the foimation of acetylcholine by Lactobacillus plantarum 

The cell suspension of the organism (grown as m Table 4) contained 10 8 nig dn wt 
cells/ml Reaction mixtures as mdicated belou were made up inth water to a final i olume of 
5 ml , and mcubated at 25° for 20 hr 

Composition of reaction mixtures 
(ml of appropriate solutions) 

Medium constituent , ^ 


Sodium acetate, m 

0 5 

05 

0 5 

0 5 

05 

KH3PO4, m/15 

0 2 

0 2 

0 2 

0 

02 

MnSO^+MgSOi, 0 2% 

0 5 

05 

0 5 

05 

05 

Cysteine, 0 02 g /ml 

0 5 

0 5 

0 5 

05 

0 5 

Glucose, 2 % 

05 

0 5 

0 

0 5 

0 6 

Chohne HCl, 0 5 % 

0 5 

0 

0 5 

0 5 

0 5 

Cell suspension 

0 5 

05 

05 

05 

0 


Acetylchohne fig /ml 

Acetylchohne found m excess 20 0 0 24 0 

of that initially present m 
organism 




Fig 0 

Fig 6 Effect of glucose concentration on rate of formation of acctj Icholinc 

Fig 7 Effect of age of culture on rate of formation of acetylchohne Age of culture 
• — • 16 hr , X — X 20 hr , O — O 24 hr 


by an acid hydrolysate of casein as in medium 5, the production of acctjd- 
chohne was either verj^ Ion or ml, depending apparently on the sample of 
casein used in makmg the hydrolysate' men choline was added to this 
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medium m the usual concentration ncetylchoUne appeared, but tbe crop of cells 
was the some ^Vhcn the cells In each case were centrifuged, washed and added 
to the reaction medium, acetylcholine was synthesized at approximately the 
same rate in both cases (Fig 0) 


Table 0 The eorrelaiion hetroeen acetylcholine aynihesized 
glucose fermented and change t« pH 


Organism grown on medium fi Reaction medium phosphate dtrata bufTer 10 ml 
MnSO, ( 4 %)+MgS 04 (4%) 5 ml choline HO (0-5%) 5 ml glucow (0*1 m) 10 mL cell 
suspension (0 mg dry wt /ml ) 10 ml water to 50 mL Incubatloo at 23 Sample* removed 
at timea stated 

Acetylcholine formed 


Glucose 


Period of 
incubation 
(hr) 

pH 

Present 
{mg./ml ) 

Used 
(mg /ml ) 

Mfi/nU. 

HI /“S 

glucose 

fermented 

0 

7 14 

3-46 

0-00 

CM) 

— 

1 

6 0 

2 10 

1 20 

2-0 

1 59 

2 

6-08 

1 30 

2-00 

4-6 

223 

83 

555 

0-67 

2 88 

0-0 

220 

5 3 

4 83 

O-OW 

8-41 

8-0 

235 

24 

473 

(Mil 

8-44 

e 0 

283 



Pig 8 Correlation between acetylcholine synthcslxed, glucose fermented and change 
in pH. • — • glucose fermented O — O ocetylohoUnc formed { x — x pH 


The proven ongln of acetylcholine from cholme in the reaction medium 
make* it highl> probable that it has a like origin m cucumber juice and m 
ordinary complex laboratory media Cholme has been isolated from cabbage 
by Kcil & Gropp (1084) but was stated to be absent from cucumber juice by 
Ketl Sc Knttcr (1985) 

It was found possible to acetj late choUnc by the method of Fletcher Best & 
Solandt (1985) This acetylation was only claimed by the authors to be very 
roughly quantitative ( ± at least 16 %) Its apphcation to cucumber juice and 
to acid and tryptio digests of casern made it cl^r that these materials contained 
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Table 7 The action of vanoits inhibitors on fermentation and 
acetylcholine production 

Inhibition {%) on 

- - -A^- 

Acetylcholine 



Fermentation 

production 

lodoacetic acid M/2a0 

00 

100 

Na fluoride m/SO 

Increased lag 

20 

Phlondzm m/20 

— 

0 

Na arsemte m/250 

— 

00 

Na azide m/1000 

— 

0 


Table 8 The action of phosphorylated compounds on the 
synthesis of acetylcholine 

Experimental conditions as m Table 0, the substances shown being mcorporated in the 
reaction medium Time of incubation 3 hr 

Acetylchohne 

(ms /ml ) 


Glucose, 0 5 % 

72 

Glucose-1 -phosphate, 1 % 

0 0 

Hexose diphosphate, 1 % 

1 2 

Na glycerol phosphate, 0 5 % 

1 7 

Na phosphoglycerate, 0 3 % 

0 0 (neg ) 

Blank 

0 29 



Fig 0 Sjmthesis of acetylchohne b> cells groiro A, without choline. B, with chohne 
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choline in sufficient quantity to account for the production of acetylcholine bj 
the action of the organism m the presence of glucose (Table 9) 

Table 9 The acetylation of eholine tn various media by iJie 
viethod of Fletcher Best Solandi (1985) 

ChoUne HQ equl\’mlent to 40^ acctyfchoUne in 5 mL water was treated and aeetylated 
according to the method of Fletcher et aL (1035) with the following retultsj 


Choline taVen 

(pb) 

Cboltne equlvalcot of acetyicboUne obtained 

t 

PS 

%cmjr 

40 

80 

- 25 

40 

47 

+ 17 8 

40 

46 

+ 12 3 

50 

646 

+ 0 

60 

48 

-14 


In a similar manner eatlmatloas of the choline content of cucumber Juice and trypUc and 
add hydrolysates of casein (10 %) were made 

Choline 

(as acetylcholine) 

(nC/ml-) 

Cucumber Juice 75-SO 

Tryptic hydrolysate of casein (10%) 40 

Add bydrolynte of casein (10%) SO 


Qwafififofiw relation between ehoUne present and acetylcholine formed 
It will be noticed that m the reaction medium chohne HCl was present m 
a final concentration of about 500 fig /ml the acct>lchohne formed in the 
most favourable circumstances was of the order of 16/ig /mh It should there 
fore be possible to dimmish the concentration of cholme added to one more 
nearly equivalent to the acctylcholme produced. An experiment of this type 
showed that a decrease m the concentration of choline from 400 to 16 fig /mL 
diminished the rate of the reaction by about one sixth In order therefore, for 
the reachon to proceed at something approachmg maximum velocitj a large 
excess of choline is necessary It was thought that this might be due to the 
removal of cholme b) some reaction other than b> acetylation To test this the 
organism was grown for 40 hr in mediiun 5 containing approximately 2 1 fig 
chohne/ml as estimated after chemical acetylation to this was added 40 fig 
choline HCl/mL a control sample was acctjlated and the acet\lcholmc 
estimated The total initial cholme was equivalent to 50 pg acetjlcholmc/ml 
After 40 hr mcubation the acetylcholme was 4 6/ig /mL The whole culture 
was then aeetylated and the resulting total acetylcholine obtained was 
58 fig /ml This experiment showed that tlie cholme ongtnally present was 
recoverable os acctylcholme formed biologically plus that remaining in the 
medium 

AVe have not found conditions in which the rate of acetylcholme formation is 
proiiortional to the concentration of cholme present, or mdependent of the 
concentration or m which the whole of the cholme present is aeetylated 
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AtiempU to prepare active acetcne-dried cells 

It has been obsen^ed m studies on the production of acetjlchoi 
nervous tissue that homogenized bram s^mthesized acetjdchoJine 
presence of adenosine triphosphate (ATP) and fluoride and absence oi 
hydrate or any source of energj^ other than ATP (Nachmansolm & j\h 
1943) Feldberg & Mann (1945-6o) prepared an active acetone poudi 
bram which, in the presence of ATP and NaF, acetylated cholme, the 
the reaction being increased bj’' — SH compounds and by citrate Feld 
Mann (1945-6Z)) also showed that the rate of the reaction vas increa 
the addition of an ‘actnator’, i e boiled juice prepared from acetone ] 
from bram or from fresh bram, liver, muscle or j’-east, they were also 
replace the acetone pov der by a salme extract of it 

It u as considered desirable to show whether a similar preparation, ac 
the presence of ATP, could be prepared from our bacterial cells The or^ 
was grovTi for 2 days m 3300 ml of medium 5, this medium was clic 
order to mimmize the acetylcholine present in the cells The total crc 
2 8 g dry n’t This was spun dmra and washed once and shown to be ac 
the normal conditions The cells were suspended in 15 ml vater and rubi 
with 30 ml of cold acetone, filtered on a Buchner funnel, again rubbed u 
acetone, filtered an<i dried in a vacuum desiccator, the yield of dry pond 
2 79 g Tlus powder, in amounts about 10 times the equivalent of fresi 
generallj'^ employed, was used in the experiment recorded m Table 10, 1 
performed for us by Dr Feldberg in conditions identical with those used b 
for acetone powder of bram It is seen from the results (Table 10) that 
M as no e\udence of any appreciable actmty of acetone preparations of bai 
cells in the presence of ATP, with or mthout glucose or activator 
Thus ve have so far obtained no information concerning the mecham 
the transfer of the energj’’ derived from the bacterial fermentation t 
acetjdation of the choline 

The effect of pantothenic acid 

In December 1946 at Cambridge Dr F Lipmann of the Massnchi 
General Hospital, USA, gave an informal lecture on acetylations bj 
tissue m which he had found the participation of a coenzjmie in%ohnng pi 
theme acid Entirely as a result of this information (Lipmann, Ka 
Novell!, Tuttle & Gurnard, 1947) we performed the following experiment 
The cells were growm on medium 5 from which pantothenate was omi 
The washed suspension was dmded into two portions, A and S yj was i 
bated in reaction medium 6 Bin the same medium m which was incorpoi 
calcium pantothenate, 10 pg /ml The final concentration of the bad 
suspension was 0 96pg/ml Samples were withdrawn at interials and 
acetj Icholme estimated The results are shown m Fig 10 The glucose usi 
6 hr' was 875 pg /mg dry wt cells m A and 948 pg /mg drj^ w t cells m B 
experiment should be regarded only as confirming Dr Lipmann ’s obsen at 
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Table 10 Inability of an acdone-dned preparation of cells of Lactobacillus 
plantarum iofortn acetylctiohnevnder conditions whidt icoidd have permitted 
its formation by homogenized rat brain 

Cells obtained from 2-day jirowlh In medium B centrifuged off washed and dried with 
acetone and used to set up the experiments detailed below 


Composition of experimental mixtures 



1 

2 

8 

4 

6 

0 

7 

8 

Phosphate buffer pH 7 2 luL 

0<S 

05 

05 

0 5 

0-5 

0-6 

06 

0-5 

Saline (mL) 

2-0 

2*4 

2-0 

0-1 

— 

2-0 

— 

. — 

Ka(mg) 

0 

e 

0 

0 

0 

0 

0 

— 

NaP(mg) 

B 

a 

8 

8 

3 

8 

8 

. — 

Citrate (mg ) 

15 

15 

16 

15 

15 

15 

16 

■ — 

SIga.4%(nd.) 

1 

1 

1 

1 

1 

1 

1 

— 

Cysteine (mg ) 


0-15 

0-45 

0-15 

0-15 

0-45 

0-45 

0-45 

Glucose (mg ) 

— 

— 

— 

— 

— 

— 

25 

25 

CboUnc HCl (mg ) 

— 

25 

25 

25 

25 

25 

25 



ATP (mg pjTo-P) 


— 

0-4 

— 

0-i 

0-4 

0-4 

— 

Boiled rat brain (mg ) 

— 

— 

— 

80 

80 

— 

80 

80 

Acetone powder (mg ) 

50 

60 

60 

60 

50 

50 

50 

50 

(from xi plantarum) 

Total vol reacting (ml) 

6 

S 

5 

6 

5 

5 

5 

5 

Amounts of aeetylchoQne 

1-0 

1 1 

1 1 

1 8 

1 5 

1-0 

1 4 

12 


found /mg powder 



Fig 10 Effect of added pantothmate on formation of acetylcholine bv pantothenate 
deficient cells in washed suspension 
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Identificxihon of acetylcholine 

Our controls liave invariably shown that the substance to which the muscle 
reacts is destroj'ed by boihng at pH 10 It was also destroyed by horse plasma 
and by human plasma and serum, and protected from these effects by esenne, 
the plasmas and serum were able to decompose added acetj-lcholine (Table 11) 

Table 11 The biological identification of acetylcholine, the effects 
of esenne and choline esterase-containing preparations 

The organism was grown on medium 2, boded and neutrahzed to pH 7 0, this is the culture 
fluid The experimental tubes containing the mixtures detailed below were mcubated for 
1 hr at 37°, bemg made up to a total final \'olume of 2 0 ml with water Cholme esterase 
1=50% horse plasma, 2= human plasma, 3= human serum 

Constituent of mixture ml of solutions listed 

Culture flmd 1101 0 1 1 1 0 

Acetjlcholme (lOpg /ml ) 0010 1 0 0 0 1 

Esenne 1 fig fad 0000 0 020 0 0 

Buffer pH 70 0000 080 0 0 0 

Cholme esterase 1 011080 0 0 0 08 

2 0000202020 020 
3 0 0 0 0 0 0 02 02 02 

l^ater 1 0 0 0 0 06 08 00 0 

Acetylcholme found {fig /ml )5000 0 5 0 5 0 

The biological tests bemg in accordance tnth the identification of the active 
substance as acet}dcholme it was felt that corroboration by a chemical method 
was desirable Jlr K Hamson undertook to do this, by the method detailed 
later (see Addendum), if sufficient material could be provided Large-scale 
preparations were therefore undertaken These nere attempted in the first 
place bj growmg the orgamsra in 1 1 batches in cucumber juice It v as found 
m all preparations of this ’i olume that poor 3 ''ields v ere obtamed by using small 
inoculations, and that it v as necessarj'- to sow each 1 1 batch from a pilot 
preparation of a 20 hr culture in 100 ml of the same medium From such 
a culture (ef culture 1, Table 12) g^o^m for 22 hr a sample vas wthdrawn and 
the cells and total acetjdcholme estimated The whole culture was then centri- 
fuged and the acetj Icholme estimated in the supernatant The cells were made 
up to 27 ml with 0 01 M-HaPO^ A sample (0 5 ml ) v as v ithdrawn for turbidi- 
metnc estimation and a similar sample for acetjdcholme estimation after 
boiling in acid In order to increase further the jneld the cells uere suspended 
m 250 ml of reaction medium 0 and incubated 20 lir (culture 2) A sample 
(1 ml ) was then vnthdrawn and the total acetj Icholme estimated The u hole 
culture was then centnfuged and v ashed and the acetjdcholme estimated in 
tins second supernatant (2) and in the cells (2) The results of this experiment 
are given in Table 12 

It was hoped that m the precipitation method it u ould be possible to use the 
acet\ Icholme present in the total culture on cucumber juice after the remo\aI 
of the cells This vas found to be impossible, as uhen the precipitating agent— 
hexamtrodiphenj lamine — was added to the concentrated filtrate a tarrj 



Prodtidioii of acetylcholine by Lactobacillus plantarura 295 

precipitate vrxis formed For this reasoa the second process detailed abo^ e was 
resorted to m which the supernatant from the growth medium was discarded 
and the cells resuspended in the reaction medium Here agam trouble was 
encountered owing to the presence of residual cholme which also forms a salt 


Table 12 Method of preparation of large batches of cells and 
ctdture Jluid for chemical identijicaiion of acetylcholine 


CitUure 1 Cucumber juice (1000 ml ) inoculated wHh 100 mb of 20 hr culture grown on 
Mime medium ood Incubated 22 hr at 25 acetylcholine eitlmated In sample of whole 
culture cellB and •upematant: 

mg 


Dry wt of celli 4D0 

Acetylcholine In total culture 28 

AcctylchoHne hi total cell* 048 

Acetylcholine in total cupematant 154 

Lots 0*1 


CuUure 2. CeQi from culture 1 (len camples) cuspeeded In 250 ml of medium 0 and in 
cubated for 20 hr at 2S dmdar accoyi performed. 


mg 


AcetjlchoUne In cclU (rtart) 0-2 

Total acetylcholine In culture after incubation 23-0 

AcetylcboUne In cujiematant after Incubation 8 8 

Aeetylcholioe In cell* after incubation (b> difference) 14 2 


with the reagent Though the solubility of the cholme salt is about 10 times 
that of the acetylcholine salt the amount of residual cholme may be 100 times 
that of the acetjlcholme and the separation of the two would tlierefore be 
practically impossible 

The only feasible method tlierefore seemed to be to discard both supernatants 
1 and 2 and to use the acetylcholine from the cells after reacting in medium 6 
The followmg slightly modified procedure was therefore adopted Medium 2 
(1 L) was sown with 100 niL of a 20 hr culture in the same medium After 
20 hr incubation at 25 the culture was centrifuged and the supernatant dis 
carded The cells (c 200 mg ) were resuspended in 50 ml reaction medium 0 
and left 4 hr The cells were then spun off ond the second supernatant dis 
carded. The cells were suspended m 10 ml of water + 1ml 2 ji HjPO^ boiled, 
and the acetylcbohne estimated the cell debns was centnfuged off and the 
supernatant used for the subsequent precipitation In this manner 102 1 of 
culture were worked up m nine batches This gave a total crop of 28 g of cells 
and 111 mg of acetylcholine 


DISCUSSION 

The bacterial acetylation of choline bears some relation to that occurring m 
other tissues vit that the source of energy is fermentation the organism being 
practically an anaerobe, the replacement of fermentation energy bj that 
derived from oxidation is not to be expected The mechanism of the transfer 
and the source of the acetyl radicle are at present obscure Our failure to 
demonstrate the participation of ATP m the process Is probably due to a failure 
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to attain the right conditions rather than to the existence of some mechanism 
of energy transfer in which this ubiquitous ester plays no part 

The sigmficance of the mechanism in the cell economy is u holly unknown 
It has to be remembered that this is an example of a cell mechanism wluch 
would not have been brought to light unless a very delicate method existed for 
the detection and measurement of the final product The same mechanism may 
be used to bring about other acetylations in the cell about which we knov 
nothing The lack of correspondence between the concentration of choline 
required to permit maximal — or near maximal — acetylation and the amount 
acetylated indicates that there is some factor or factors remammg to be dis- 
closed 


Addendum 

The Isolation of Acetylcholine as a Salt (Hexylate) of 
Hexanitrodiphenylamine 

By K. HARRISON 

Ackermann & Mauer (1943) proposed the use of hexamtrodiphenylamme 
(dipicr 3 damine) as a precipitant for acetylcholme, the salt (or ‘hexylate’) with 
acetylcholine forms beautiful glistening red plates, m p 125° (corr ), soluble in 
water to the extent of 1 10,000 only (It would seem that the uncorrected 
m p 183°, given bj’" Ackermann & Mauer, is a tjqiographical error ) Choline 
hexjdate, m p 288° (corr ), is much more soluble in water 

To prepare the hexylate of acetjdcholme the procedure was as follows 
A warm filtered aqueous solution of the ammonium salt of hexamtrodiphenyl- 
amine (‘Aurantia’) was added to the neutralized extract obtained from the 
boiled suspension of cells previously described , after bringing the mixture to 
60° and cooling in ice the hexylate was filtered off and recrystallized, first from 
10% (v/v) ethanol m water and then from water Authentic specimens of 
acetsdcholme hexjdate were obtained in similar fashion from neutralized 
acetjdcholme chloride (Roche Products Ltd and British Drug Houses Ltd ) 
Owing to the high pharmacological activity of propionylchohne (Chang & 
Gaddum, 1933), it w as deemed advisable to prepare propionjdcholine hexylate 
also Propionvlcholine chloride was sjmthesized by the method of CIme ( 1934) , 
anahdical figures (Dr Weiler and Dr Strauss) and melting-points are summarized 
in Table 18 It wnll be obser^ ed that these hexylates (in common wnth other 
aromatic nitro-compounds) tend to give high figures for C and low figures for 
N, due to traces of NO. bemg estimated as COo, if the difference, C found — C 
calc , be transferred to N found, the analj-tical figures are veiy satisfactory 
Taking the e^ndence of melting-pomts together w ith the analytical results 
there seems to be no doubt that the substance produced bj’- the organism used 
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m this -sToTk IS acetj IchoUne, thus confirming the work of Keil i, Kntter (19ai) 
The recos cry of ncctylcholme in the form of hcxylate from the neutralized 
bacterial extract amounted to about 78% of the aeetjlchohne determined 


Table 18 


Melting points and anahjlwal figures for 
hcxylate and propionyleholine hexylale 


acetylcholine 

irup (corr ) 


1 AcetvldioiiQC bexylotc (from acclylcUoUne chloride) 

2, Acetylcholine bexylate (from acctylchoUiMi prepered from cells) 
8 ^fixture of 1 and 2 


325* 

124 

124 


4 . 

S 


proplonylchoUne herjlate 

(from propionyleholine diloride) 

113 

Mixture of 2 and 4 

Analytical rctxUts 


Below 108 
(Indistinct) 


C 

H 

N% 

1 Calc, 

ao-oa 

345 

ID 10 

Found 

39 a 

885 

18 8 

2. Found 

39«0 

358 

18 6 

4 Calc. 

401 

8 71 

18 74 

Found 

40*7 

3 76 

IB 1 


biologicallj The high yield of bexylate provides further if mdirrot, evidence 
that the bulk of the active aubstance Is acetylchobne although the possibility 
that traces of propionyleholine roay also be present cannot be excluded it 
seems to be remote. 


The authors wish to record thdr thanks to Mr H Mowl for help In the biological 
estlmatlou of acetj IchoUne 
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The Assimilation of Amino -acids by Bacteria 

4 The Action of Trlphenylmethane Dyes on Glntamlc 
Add Assimilation 

B\ E 1 GALE AND P D MITCHELL 
Medical Eeteardt Council Unit for Chemical Microbiology 
Biochemical Laboratory Cambridge 

SU3IMAR\ The le^el of glutamic add concentration measured Inside tlie strepto- 
coccal cell during assimilation represents a balance between tlie rate at which tlia 
amino add Is wlthdra\vn IVom tlie external medium and the rate at which it Is 
metabolized within the ccH 

Treatment of the cells prior to or during assimilation with dyes of the triphenyl 
methane series results in raising tlie le\'el of free glutamic add attained within the 
celL Evidence Is presented that the triphcnjlmetUane dyes prevent tlie metabolism 
of glutamic acid ^thln tlie celL The acUvlty of tlie triplienylmethnne molecule as an 
antibacterial agent and in raising the level of glutamic add nsslmiUtion is Increased 
by alkyl substitution and can be correlated with the lipid solubillt> of the dye. 

Dyes of the triphen>lmethane series have long been known as cffcctnc nnti 
bacterial agents Kligicr (1918) showed tlmt the qmnonoid structure of the 
dye molecule Is important for ontunicrohial ectivitj and that the elTecti veness of 
the dyes is increased bv substitutlou of alkyl radicles in the ammo-groups of 
triamlno- and djamino-triphenylmcthanes. He showed that bacteria differ 
widdy In their sensitivity to these dyestuJTs and that m general Gram positive 
organisms are more sensitive than Gram negative species The dyes fell into the 
following order of mcreasing effectiveness fuchsm (iCHj) mcth\l violet 
( 6 CH,) crystal violet (OCH 3 ) malaclute green (4CH,) bnllmnt green (iCjH,) 
A senes of studies bj Steam (1027) and Steam ASteam (1024 1926 1920 1030) 
led these workers to put forward a theory of d>e bacteriostnsis which can be 
summanzed os follows Basic dyes combine reversibly with, acidic groups of 
bactenal protein, and the action of a dje can be desenbed in terms of a mass 
action cquilibnum between the dye molecule and the orgamsm considered as 
an ampholyte Thej showed that Gram positive organisms ha'N e an isoelectnc 
range l>ing between pH 2 and 8 while the isoelectnc range of Gram negative 
organisms averages pH 6 also that the degree of Gram poaitiveness of bactenal 
cells parallels their sensiti>nty to tnphenylmethane djes and that the loss of 
Gram positivcnefis (b> mutation) is accompanied by a shift in the isoelectnc 
range of the organism towards the rang© of Gram negative organisms iIcCalla 
(1941 1042) and McCalla & Clark (1041) showed that djea are taken up by 
bacteria by ionic interchange, basic dyes displacing cations and acidic dj es, 
anions tbus crystal violet displaces magnesium or hjdrogcn 10 ns Although 
as suggested by Steam Sc Steam (1924) the basicity of the dye is one of the 
main factors determining the bacteriostatic effectiveness these workers and 
Kliglcr (1918) realized that this is not the onlj factor as methj 1 green (hepta 

ao 
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methyltrianimotriphen 3 ''lmetljane) witli a stronglj'^ basic quaternar\ -N group, 
IS without antibacterial actmty Studies on other tjqies of cell have suggested 
that the plasma membrane is a protein-lipid eomplex (Harvey & Danielh, 
1938, Schulman, 1937), and that a further factor involved m the increasing 
activity of the dyes with alkjd substitution is the increasing hpid-solubihtv 
with such substitution m the molecule Marshall, Loekvood & Dubos (1941) 
pointed out that Gram-negative bacteria have an outer surface of lipopoly- 
saccharide antigens 

In the previous papers of this senes it has been shovm that Gram-positn e 
bacteria differ from Gram-negative m that the former are able to assimilate 
certain ammo-acids from the medium and concentrate them in the free state in 
the internal environment (Gale, 1947a, Ta3dor, 1947) Of the tvo ammo-acids 
studied m detail, l 3 ^sine passes across the cell wall b 3 ’^ simple diffusion under an 
electrostatic gradient, while glutamic acid cannot pass across the membrane 
unless energy is supplied by some exergonic reaction In either case an 
equilibrium is set up betv'een the external and internal concentrations of the 
ammo-acid such that the internal concentration is markedl 3 f greater than that 
holding in the external environment (Gale, 1947 a) It has been suggested that 
this assimilation of free ammo-acids is an essential stage m the anabolism of the 
Gram-positive organisms which are nutritionally exacting towards certain 
ammo-acids (Gale, 1947a) In the present communication it is shown that the 
free glutamic acid measured in the internal environment of Gram-positive cells 
represents a balance between the rate of assimilation of glutamic acid from the 
external environment and the rate at which it is metabolized within the cell 
Triphen 3 flmethane d 3 ’^es penetrate the cell wall and inhibit the internal meta- 
bolisrn of glutamic acid 

Methods 

The organisms, grovd;h media, preparation of suspensions and methods of 
assa 3 ’- of free amino-acids m the internal and external environments vere the 
same as those described by Gale (1947a) In general. Streptococcus faccahs vas 
grown m a medium containing little free glutamic acid, the cells vere vashed 
and their internal glutamic acid content assayed, the cells were then suspended 
in a salt solution containing a knovn amount of glutamic acid and glucose and 
incubated at 37° for 1 hr (final suspension strength =2-5 mg dry weight of 
orgamsm/ml ), the cells v ere then centrifuged, v ashed once and their internal 
glutamic acid content assa 3 'ed 

Since glutamic acid vas estimated manometricall 3 '^ in terms of COj produced 
b> the action of the specific decarbox 3 ’-lase (Gale, 1947 a), it has been convenient 
throughout to express quantities of glutamic acid m terms of pi , 22 4 pi 
glutamic acid = lpmol 

Effect of crystal violet on glutamic acid assimilation 

Preliminary icork The action of -various antibacterial substances has been 
tested on the assimilation of h sine and glutamic acid b 3 washed suspensions of 
Strep faecahs ST In the course of these tests it was found that gentian -v lolct 
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or crystal violet in a dilution of 1 1000 inhibited the uptake of glutamic acid 
by deficient cells, but the same dves In 1 10 000 solution gave nse to an in 
creased assimilation Table 1 shows fd glutamic acid assimilated b> 100 mg 
deficient cells vhen meubated for 1 hr at 87*“ m the presence of salts 0 5 % 
(w/\) glucose and 200 pi glutamic acid/nil The amount of glutamic acid 
assimilated was determined bj measuring the increase in the internal glutamic 
acid content of the cells under these conditions A\Ticn glucose is omitted from 
the external environment, no significant assimilation occurs whether crj^stal 
^^olet IS present or not, the addition of criTtal violet (1 10,000) m the presence 
of glucose resulted in an increase of 148 pi of glutamic acid assimilated b\ 
100 mg of cells Crystal violet forms micelles in solution and it was thought 
possible that the extra glutamic acid might be earned into the cells in solution 

Table 1 Effect of crystal violet on glutamic acid assimilation 

Strep faecalU grown tn deOdenl medium B celli and their internal gluterahJ add 

content assayed eoDs then Incubated for 1 hr at 87^ ns below nnd the Increase in internal 
glutamic add determined 

/d. glutamic odd 
increase in Internal 
cnvironment/lOO mg 


External environment daring incubation 

cells 

(a) SsU solution pH 7*4 0-5 % (w/v) glucose 

]18 

glutomlo acid 200 ;d /mU 

(b) As (a) without glocote 

0 

(c) As (o)+ crystal 1 10 000 

201 

(d) As (c) without glucose 

8 

Cells treated with crystal violet (1 « 10 000) 
for 10 mluv, washed and then iestedt 

(«) A, (a) 

230 

(/) A. (6) 

6 


In the djx micelles To test this the cells were exposed to 1 10 000 crystal 
violet for 10 mm at 87 and then washed before being incubated In tlic presence 
of glutamic acid and glucose. Table 1 shows that such pretreated cells showed 
the same mcrease as those m which the dj'e was present dunng the assimilation 
process The action of the dye Is therefore to affect the cells in such a way that 
within the stained cells a greater accumulation of free glutaxmc acid takes 
place tlian in the untreated cells 

Effect of dye concentration Table 2 shows the effect of various concentrations 
of crystal violet on the assirmlataon of glutamic acid and also on the fermenta 
tion of glucose by the washed streptococcal cells Crj'stol violet at 1 1 000 000 
had no effect on either assimilation or fermentation higher concentrations 
resulted In an increased accumulation of glutamic acid in the internal environ 
ment of the cells The optimal effect on assimilation was given with 1 10 000 
crystal violet whereas 1 lOOOdyemhibitedassimilatioiuThescconcentrationsof 
dye had an inhibitory action on fermentation when this was determmed mano- 
metncallj bv measuring the formation of lactic acid m blcarbonatc/CO, 
buffer Dye (1 10 000) inhibited acid production bj approx. 45 % 1 1000 d\c 


aa-s 
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produced 96 % inhibition and this concentration of crystal \ao]et nas bacteri- 
cidal 

The concentration of dye which is bacteriostatic for this organism nas 
determmed by taking tubes of casein digest glucose media, adding serial 
dilutions of crj>'stal ^^olet, inoculating with a standard inoculum of c 10® cells/ 
ml and incubatmg at 87° for 24 hr A dye concentration of 1 500,000 pre- 
vented growth while 1 700,000 allowed normal growth No significant 

Table 2 Effect of crystal violet on glutamic acid assimilation 
and glucose fermentation 

Strep faecalis grown in deficient medium B, cells v ashed and their internal glutamic acid 
content assayed, cells then incubated for 1 hr at 37° in glutamic acid (200 /il /ml ), glucose 
(0 5 % w/v) and crj'stal nolet as below , tlie increase m internal glutamic acid determined 
and hence the effect of crystal violet on its assimilation Fermentation rates determined in 
Warburg manometers contaimng 1 0 ml suspension of cells (dr\f wt 3 mg /ml ), 1 5 ml 
31/80 NaHCOj and 0 5 ml 1% (w/v) glucose, and filled wth 5 % CO. -f 05 % N. gas mixture 


Concentration of 

Effect on glutamic 
acid assimilation 

Inhibition of glucose 
fermentation 

crj'stal violet 

(as % control wathout dj e) 

(%) 

0 

100 

0 

1 1,000,000 

100 

0 

1 100,000 

108 

4 

1 50,000 

509 

20 

1 10,000 

581 

40 

1 2,000 

234 

— 

1 1,000 

30 

00 


alteration of this bacteriostatic concentration could be obtained by va^}^ng the 
ammo-acid composition or concentration of the test medium Stcani (1038) 
showed that the bacteriostatic concentration of dye was proportional to the 
bacterial mass present The dry weight of cclls/ml in the assimilation and 
fermentation experiments quoted in Table 2 was 1-2 mg, which is approxi- 
mately 100 times the baeterial mass present in the grow th tests Consequently 
the dye concentration (1 10,000) giving optimal glutamic acid assimilation 
bears the same relation to the bacterial mass in the assimilation experiments 
as the concentration (1 10®) found to be bacteriostatic in the growth inhibition 
tests The amount of dye removed from solution by the cells can be estimated 
photoelectrically, and in a series of tests it was found that 83 pg crystal 
\ lolet/mg drv weight of cells were removed from 1 10® dye solution wlien the 
cell-suspension strength was 2 5 mg /ml , while 28 pg /mg were taken up when 
both dye and bacterial suspension were diluted ten times, this confirms the 
finding of Steam (1933) that the amount of dje taken up was proportional to 
the bacterial mass and was approximately constant when the ratio of dvc/ 
bacterial mass was constant 

Course of glutamic acid assimilation in ■presence of crystal violet Fig 1 show s 
the rate of appearance of glutamic acid in the internal cm ironment of 20 mg 
dry weight of deficient cells when these were suspended in salt solution con- 
taining glucose (0 5 % w/\ ) and glutamic acid (200 pi /ml ) at pH 7 2 and 37° 
Glutamic acid was taken up b\ the cells until the new equilibrium Jcicl was 
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reached after 15 mm \Mien crystal violet (1 10*) ^as present dunng the 
assimilation (or when the cells had been stained in such a solution before 
assimilation began) the rate of assimilation was slower but the final level 
reached was higher than that attained m the absence of the dye Since the 
assimilation of glutamic acid, in this case is dependent upon energy obtamed 
from glucose fermentation the slower rate of assimilation was probabl> due to 
the inhibition of fermentation rate produced b> the dye (Table 2) The difference 
between the final levels reached m the presence and absence of dye was 
vonablo and depended upon the age of culture of the deficient cells 



Fig 1 BIfect of cT^'stal violet (ItlOOOO) oq awimiktion of glutamic add Into internal 
eoNirotiment of S fatcalls cells CeQt Incubated at 87* in (1) lalt toIutioa+O 8% 
^u«»e+ glutamic acid (400 pLfxo,\.)% — • t2>a»Cl) +ciy»tal violet It 10 000 O — O 

Effect of the age of the eidture Durmg the early stages of this work it was 
found that the dye effect’ vaned greatly from time to time the same con 
centmtion of crystal violet increasmg the glutamic acid assirafiation from 
26 to 000 % when tested under what appeared to be standard condlbons It 
seemed that the effect ^*a^ed with the age of the cells tested go this point was 
mvestigatcd m detail Table 8 shows the /d glutamic acid assimilnted/lOO mg 
cells in the presence and absence of crystal violet (1 10*) when the cell* had 
been harvested from deficient medium at 4-17 hr after moculation at 87” 
From the final column of Table 8 It can be seen that the assimilation m the 
presence of the d>e was approximately constant at 450-550 pi /lOO mg from 
the earliest culture tested up to the tenth hour of meubation when growth has 
ceased after this time the assimilation dropped rapidly The assimilation in 
the absence of dye was mucli less from 4—10 hr of incubation and then that 
value also fell but the two values approximated until at 17 hr the dje had 
little or no enhancing effect Cells taken at the third hour of gr o wt h also 
showed no d)e effect, but in this case the assimilation value in the absence of 
dj’e was abnormally high and the same as that obtained m the presence of dj e 
for all cultures up to the end of tlie growth period The probable sigmflcdncc of 
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these values vull be discussed below From a practical point of ^^ew it follows 
from Table 3 that large dj'e effects’ on glutamic acid assimilation can be 
obtamed only with cells han'ested after 6-10 hr incubation, and that older 
cultures will display smaller or even negligible effects of this nature 
The estimations involved in this experiment are set out in detail m Table 3 m 
order that another property of the ‘d5^e effect’ can be shomi The internal 
environment of the cells nas investigated by adding glutamic acid dccarboM - 

Table 3 V(inafio/i of effect of aystal wolet on glutamic acid 
assimilation zcitli age of culture 

Celts grmm in deficient medium, Avnslicd nnd incubated for 1 lir at 37° in the presence of 
(a) 0 5% (ivb) glucose + 200fd glutamic acid/ml , (b) ns (u)+crvstol Molet 1 10,000 In 
each case glutamic acid nssas ed on intact cells (external) nnd on cells disrupted b\ boiling 
(total), internal glutamic acid = total— external 

Intcrml 
glutamic acid 

Glutamic acid determinations (/il /lOO iiig 

, — ,, cells) 




Sample 


(a) Kq dj 

c 

(b) Cr\ stal \aoIct 

i 
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S 
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k 



, 



(fi) 
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/ 




culture 

Grou'th 

A\ eight 

Ext 

Total 

Int 

Ext 

Total 

Int 

(«) 

l)\i 

(hr) 

(mg /ml ) 

(nig) 

(fd) 

(ft!) 

(ft!) 

(pl) 

(ft!) 

(/<!) 

Alone 

present 

3 

0 050 

C S 

31 

OS 

87 
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_ — 

4 

0 137 

21 C 

o 

58 

50 

07 

100 

99 

200 

400 

C 

0 294 

340 

24 

110 

92 

84 

212 

178 

280 

534 

8 

0 310 

30 0 

0 

84 

84 

50 

188 

138 

280 

400 

10 

0 330 

33 0 

20 

00 

40 

105 

289 

184 

138 

552 

12 

0 330 

33 3 

15 

52 

37 

05 

172 

107 

110 

320 

17 

— 

31 0 

38 

72 

34 

34 

75 

41 

102 

123 


lase to suspensions of the cells before and after disruption (Gale, 1947a) The 
glutamic acid obtained with intact cells represents that amount of the amino- 
acid carried domi nith and adsorbed on the surface of the intact cells, the 
value obtained with disrupted cells represents the total free glutamic acid 
content of the cell preparation, and the amount concentrated m the internal 
en^^ronmcnt can be obtamed by difference It nas noticed m tlic carh studies 
of the ‘dve effect’ that the presence of the d\ e not orilj increased the nnionnt of 
glutamic acid assimilated inside the cell but also increiscd the amount of 
glutamic acid carried dorni on the outside of the nnslicd intact cells Ihis can 
be seen m Table 3 for example, cells liar\ ested after 10 hr gron th n ashed 
and treated by the assimilation procedure ns usual ga\e a \aluc of 30 /d 
glutamic acid/33 mg cell preparation for the external cm ironmcnt but sinnl ir 
cells put through the same procedure in the presence of crystal Molct gmc 
a value of 105 pi /33mg It can be seen from the ».alucs for this culture m 
Table 3 that while the d\c caused an increased assimilation of 138 pi in the 
internal enanronment, it also caused an increase of 85 pi m the amount earned 
doAvn outside the cells The external effect is not aln aj s as marked as this and 
it can be seen from Table 3 that the external effect is smaller m cultures botli 
older and xounger than 10 lu Tins glutamic acid cstimatctl in intact cell 
suspensions must exist on the outside of those cells, ns the glutamic acid 
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decarboxylase preparation used for its detemiiimtion is a washed suspension of 
Closindtum tctlchti (Gale, 1045) and obviously cannot i)cnetrate the strepto 
coccal cell wall Because of this and since the amount assnj ed wth the intact 
cells remained after washing the cells It follows that this glutamic acid must be 
adsorbed on the surface of the cells and that the action of crystal violet was to 
increase the amount of ammo acid so adsorbed It was shown m Table 1 that 
no increased assimilation of glutamic acid took place m the presence of crystal 
\nolet when glucose was absent this mcreased adsorption of glutamic acid on 
the outside of the cells was also dependent upon the presence of glucose in these 
experiments 

Table 4 A companion of ceriain inphenyhncOiane dyes with respect to thexr 
vihibttwn of the groxeth of Streptococcus faecahs and tts atsiimlation of 
glutamic acid 

( + — Growth from iaoculuro of 10* coUi/ml ) 
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Activities of tnphenylmeihane senes of dyes 

Table 4 summanxes the activities of various tnphenylraethane dyes when 
tested against Strep faecahs 

Inhibiting concentratioTu The inhibiting concentration of each dye was deter 
mmetl by the addition of serial dilutions of dye to tubes containing casein digest 
glucfose medium moculatlon with 10* cells/ml and incubation for 24 hr at 
87* Table 4 shows that the antibacterial activity of the dj es increased mth the 
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degree of alk}^ substitution m the molecule The acid d} cstuffs, aurine and 
soluble blue, had little antibacterial actmtj' under the conditions tested The 
strongljr basic methyl green with a quatemary-N group in its structure i\as 
devoid of activity 

Effect on assimilaUon of glidaimc acid Each of the dyestuffs was tested for 
an effect on glutamic acid assimilation of the nature described aboAc for 
crystal violet In each series of experiments, deficient cells vere incubated for 
1 lu- at 87“ m the presence of 0 5 % (w/v) glucose and 200 pi glutanuc acid/ml 
The assimilation of glutamic acid was determined m the absence of dj e, in the 
presence of crystal -snolet (1 10,000), and in the presence of the other dyestuffs 
in the same concentration All the triphenj^lmethane dyes, mth the exception 
of methyl green, produced an increase m the amount of glutamic acid assimi- 
lated (as measured by the increase in the internal concentration), and Table I 
shows their relative activities v hen compared vnth crj-stal \ lolet The effects on 
assimilation can be directly correlated with their antibacterial actmties 
Alkyl substitution increased the actmty of the d} es ranging from ^i-rosanihne 
to brilliant green, but the strongly basic methyl green was inactive Soluble 
blue was almost inactive but aurine had an actmty equal to that of brilliant 
green and so forms an exception to the general correlation occurring between 
assimilation effects and antibacterial actmties 

^lany other dyestuffs were similarty tested The follovnng were ■mthout 
effect on the assimilation process methylene blue, toluidine blue, Congo red, 
auramme, dispersol diazo-black, chloracol brilliant \ellow, chrj saphenine, 
rhodamme, safranme, primulm, acridine orange, solvay green, solway Molet 
and antrjqiol 

Partition coeffcienl If the bacterial cell membrane is of Iqtid nature it is 
possible that the difference in actmty of the triphenylmethane dyes might he 
in their differing lipid-solubilities As an approximate indication of this 
difference the partition coefficient between isobutanol and vater vas deter- 
mined 

In each case 10 mg of dje was shaken with 10 ml vnter and 10 ml mo- 
butanol saturated with vater After equilibrium was established, the alcohol 
and vater phases vere separated and the partition of the d}e determihed 
colorimetncalh The ^ alues in Table 4 shov that the assimilation effects and 
the antibacterial acti^nties (mth the exception of aurine) can be correlated mth 
the partition coefficient in that the greater the partition is in fa^ our of the iso- 
butanol phase, the more actnc is the dje in the biological s\ stems 


The balance hctxccen assimilatory and metabolic processes 

In the vork so far described, the assimilation of glutamic acid has been 
determined by the increase in the concentration of the amino-acid in the 
internal emnronment of the cells nhen these arc remo\ed from an external 
cmnronment deficient in glutamic acid and transferred to an environment rich 
m this ammo-acid It does not nccessarilv follow that the total amount of 
glutamic acid assimilated or mthdrawn from the external en^^^onmcnt is 
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equal to this increase m the internal conccntmtioiu If for example, some 
metabolism of glutamic acid takes place inside the cell, then the amount of 
giutnmic acid -withdrawn from the external environment would be equal to 
that appearing in the internal environment plus the amount metabohzed. In 
this case the amount of amino-acid measured m the internal en-vironmcnt 
would m fact be a measure of the balance between the total amount with 
drawn from outside and the amount metabohzed within the time studied 
Since the decarboxjlase method estimates the free amino-acid only such 
metabolism might consist of synthesis into peptide chains of glutamyl residues 
or of some breakdown or conii erslon of the glutamic acid molecule. 


Effect of crystal mold on glutamic acid mciabohsin 

The possibility that some metabolism of glutamic acid might take place 
during assimilation -was investigated m the following manner Deficient cells 
were prepared m washed suspension as usual and suspended in salt solution 
contammgSOpl glutamic acid/ml and 0 5 % (w/v) glucose. Before meubabon 
the glutamic content of the cells and medium was assaj ed accuratel} b> takmg 
sample* equivalent to the experimental samples The cells i^cre meubated for 
1 hr at 87 m the presence of the glutamic acid and then centrifuged washed 
and their glutamic acid content reassajed The supernatant medium and the 
washings were combined, e^mporated in cacuo and assaj ed for glutamic acid 
In this wa> it was possible to determine the increase m the internal concentra 
tion of glutamic acid of the cells and compare this with the disappearance of 
glutamic acid from the external environment, allo-wance bemg made for the 
alterabon m the amount adsorbed on the outside of the cells before and after 
mcubation Table 5 outlines results obtamed m a senes of experiments of this 
nature 

Some idea of tlie expcnraental error involved m these assays and manipula 
bons was first obtained as foUo-ws Smcc glutamic acid is not assimilated b> the 
cells m the absence of a source of energy (Gale, 1947a) an experiment was first 
corned out m which glucose was omitted from the reaction mixture There was 
no change in the internal glutamic add concentration under these condibons 
but an overall loss of 04/iL out of 1800 pk m the external environment this 
may be due to sbgbt metabolic activity by the cells, but is probably due to loss 
dunng experimental mampulabon In the presence of glucose, a senes of three 
experimente showed a >anablc increase m the amount of glutamio acid 
appearmg inside the cells while the amount disappeanng from the external 
environment -was greater than this mcrease bj an average of 632 pi In these 
experiments c 80 % of the total glutamic acid added to the external cn\nron 
ment disappeared dunng the assimilation penod of 1 hr 

The same t>q>e of expenment was then earned out in the presence of cix stal 
■violet 1 10 OOO In the absence of glucose a greater loss of glutamic acid was 
found than in the absence of the dje Since the dj e adsorbs strongly on to all 
glassware and so renders quanbtative recoverv of solutions difbcult, it is 
probable that this increased loss was ogam due to cxpenmcntal error and not 
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to metabolism the eells m the presenee of the dye In the presence of glucose 
the amount of glutamic acid appearing in the internal emnronment A\as 
markedly greater than that appearing m the absence of the d}e, but the 
difference bet^^ een the amount disappearing from the external enAuronment 
and that appearing m the internal environment vas now 163 ;zl as compared 
with QB2[A m the absence of the d}^ IITien allowance is made for the experi- 
mental loss as measured in the absence of glucose, the glutamic acid dis- 
appearing in the absence of the dye was 568 [i\ as compared with 23 [A m the 
presence of the dye 


Table 5 Effect of crystal violet on glutamic acid metabolism during assimilation 

In all cases initial external glutamic acid = 1800 pi total, concentration of glutamic acid 
in external medium initiallj =30 pi /ml , total dr^' acight of deficient cells = 175 mg 
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These experiments suggest that some metabolism of glutamic acid takes 
place during or after assimilation by the cells, and that this metabolism is 
inhibited by crystal violet The let cl of glutamic acid concentration attained 
inside the cell thus represents a balance between the rate of entry into the cell 
and the rate of metabolism w ithin the cell Crystal t lolet inhibits the metabolic 
process and, as a consequence, the level of glutamic acid concentration within 
the cell rises 

A further test of this hjpothesis can be obtained from a study of the meta- 
bolism of glutamic acid occurring during its migration out of the cell It has 
been shown (Gale, 1947 a) that although the cell wall will not allow frccdilfusion 
of glutamic acid, this amino-acid can pass across the cell wall in either direction 
if glucose IS metabolized by the cell at the same time, and that an equilibrium 
IS then established between the internal and external concentrations of glutamic 
acid Consequent^ , if the cells arc grown m a medium rich m glutamic acid, 
such ns casein digest medium, and then incubated in a salt solution containing 
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glucose, glutamic acid "Will pass out of the cell and can be detected m the 
external environment, although the amount found in the external medium w 
less than that lost from the internal environment (Gale 1947n) Table 0 
summarises the results of a series of experiments of design sunilar to those 
already described except that the cells initially contained a high concentration 
of glutamic acid and vrere incubated in an amino-acid free salt solution In 
a senes of four such experiments the net loss of glutamic acid during migration 
was 102 pi , but in a parallel sene* earned out m the presence of crj^tal violet, 
the glutanuc acid accumulating in the external environment was equal to that 
disappeanng from the internal environment withm experimental error 

Table 6 Effed of crustal violet on glutamic acid meiahohsm 

Saturated celh aaceDs grown In ra«ela digest glucose and containing a high internal 
concentration of free glutamic add. Total dry weight of ceUa *=200 mg In nil cases. 

Glutamic acid 

Present during incubation detcrminatkms 

for 1 hr , * , Ghitamic odd 

, * V Change In Change In metabolised or lost 

Cr)*Btal internal external , * , 


Saturated 

Glucme 

violet 

environmait environment 

Total 

Corrected 

cdli 

(0-B%(w/v)) 

(1 10 000) 

(#A) 

ipi) 


(iJ) 

+ 

- 

- 

40 

0 


40 

0 

(1) + 

+ 

_ 

-335 

+ 180 

143 'I 

1 


(3) + 

+ 

- 

-240 

+ 00 

141 1 


107 

(») + 

+ 

— 

-180 

+ 30 

1501 

(•*) + 

+ 

- 

-202 

+ T2 

180 J 

1 


(1) + 

+ 

+ 

-870 

+ 835 

85] 

1 


(3) + 

+ 

+ 

-330 

+ 273 

sal 



(8) + 

+ 

+ 

-102 

+ 108 

0 

on 

20 

0 

(4) + 

+ 

+ 

-110 

+ 100 

loj 

I 



Aunne In Tabic 4 it was 8ho^Tn that the effect of the d> es on glutamic acid 
assimilation was paralleled by the partitaon coefficient between iwbutanol and 
water and by the antibacterial activity Aunne, an acidic dje, differs from the 
others exammed m that although it has a marked effect on glutamic acid 
assimilation it has no marked anbbactcnnl properties Its action m suppress- 
mg glutamic acid metabolism has therefore been tested in parallel with the 
experiments desenbed above for crystal violet. Table 6 shows the results 
obtained In the presence of aunne there is suppression of glutamic acid 
metabolism inside the cell, but the effect is not the same as that obtamed with 
crj'stal violet examination of the figures m Table 6 shows that crystal violet 
inhibited glutamic acid disappearance and that the amount of glutamic acid 
withdrawn from the external environment m the pretence of the dye was 
approximately the same as or lets than, the amount withdrawn in the absence 
of the dye. It is reasonable to suppose that less glutamic acid will be with 
drawn from the external cmnronmcnt when no metabolism is occurring within 
the cell than othennse. In the case of Runnp however although there was 
approximate balance between the loss from the external environment and the 
gam m the internal environment, the amount of glutamic acid withdrawn from 
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the external environment vas markedlj-- increased by tlie presence of tlie d^e 
Somewhat similar results Iiave been obtained with the acidic dye, ans blue, 
which does not belong to the triphenylmethane series, m this case there vas 
a greatly increased uptake of glutamic acid from the external medium in the 
presence of the dj e, but there v as also an increase in the amount of the glutamic 
acid metabolized uithin the cell The dye has a feeble antibiotic action mIiicIi 
seems to be fundamentally different from that of the triphenj Imethane scries 

Nature of ghttaimc acid metabohsm 

Peptide synthesis The discovery of the structure of folic acid (Angier et al 
1946) and of the glutamic acid peptides associated with ^^i-aminobenzoic acid 
(Ratner, Blanchard & Green, 1946) indicated that glutamic acid can form 
homoglutamic peptides m the living cell This property is shomi in the case of 
the D-isomer b^ the homo-D-glutamic acid nature of the capsular polJ^lept^de 


Table 7 Absence of glutamyl-peptide formation du/tng assimilation of 
glutamic acid by Streptococcus faecahs 

glutamic acid/100 mg cells 




Total after 

Combined 

Preparation 

Free 

In droljsis 

(peptide) 

1 Washed deficient cells 

40 

005 

D25 

2 Cells after incubation for 1 hr in 

225 

1042 

817 

0 5 % (w /v) glucose and glutamic 
acid (200 fil /ml ) 




3 Cells treated ns (2) in presence of 

455 

1302 

847 


crvstal nolet (1 10,000) 

of B anthracis (Hanb) & Rydon, 1946) Streptococcal protein possesses the 
normal complement of glutamic acid (Freeland Sc Gale, 1947), and it follows 
that one line of glutamic acid metabohsm is ithin the bacterial cell is that vhicli 
leads to peptide and protein formation If the metabolism t\hich is blocked bj 
crjstal t lolet is this peptide formation, there should be an increase in combined 
glutamic acid during assimilation in the absence of dje, and this increase 
should be prevented by the presence of the dye Combined glutamic acid of 
this nature would be released b} acid hydrolysis and could then be estimated 
by the decarboxylase preparation (Gale, 1945) Table 7 shows the results of an 
experiment in which the free glutamic acid obtained before and after acid 
h\drolysis was determined wnth (a) deficient cells, (b) deficient cells after 1 hr 
incubation with glutamic acid and glucose, and (c) deficient cells treated as 
(b) m the presence of crystal suolet 1 10,000 The results show tliat there was, 
if ans thing, a decrease in the peptidc-glutamic acid during assimilation It 
seems, therefore, that the metabolism of glutamic acid which was blocked b\ 
cn, stal s lolet in these experiments was not peptide sym thesis 

Deamination Xo ammonia formation could be detected when glutamic acid 
was incubated ssnth washed suspensions of Strep faecahs 
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Transamtrwiion Lichstein & Cohen (1045) and lachatein, Gunsalus Su 
Umbreit (1045) have shown that bactem including the streptococci possess 
an active transaminase catalysing the formation of aspartic ocld+aketo- 
glutaric acid from glutamic acid+oxalacebc acid The action of crjstal violet 
was tested on the disappearance of glutamic acid in the presence of oxalacetic 
acid and a dried cell preparation of transaminase ftora Sfrep fatcaUi kindly 
given to US bv Prof I C Gunsolus The transnmmation was inhibited 76 % by 
crv’stal violet m concentration 1 100 but no significant inhibition was obtamed 
bv concentrations of the order (1 10 000) used in the experiments on assimila 
tion 


DISCUSSION 

The matenal presented in this paper shows that glutamic acid u assimilated by 
streptococcal cells from the external envnronment wlien a source of energy 
such 08 glucose is avTulable inside the cell some of the assimilated glutamic 
acid then undergoes metabohe changes so that it is no longer estimated bv the 
specific decarboxylase preparation Tlie level of glutamic acid concentration 
estimated inside the cell then represents the balance between the rate of entry 
of glutamic acid into the cell and the rate at v\h»ch it undergoes metabohe 
change within the cell It has been shown that certam dj es of the tnphcnyl 
methane senes bnng about an increase m the internal concentration of glutamic 
acid and evndence has been put forward to show that this is accomplished by 
inlubition of the metabolism of glutamic acid inside the cell The statement that 
the raetabolinn of glutamic acid takes place xntxde the cell rests upon the facts 
that no assimilation of glutamic takes place m the absence of glucose (Gale 
1947n) and no disappearance of glutamic acid from combmed internal and 
external environments occurs in the absence of glucose- Further evidence will 
be presented m the next paper of this senes (Gale K, Taylpr 1047) that this 
metabolism is mtracellular only It follows that for a dyestuff to inhibit such 
metabolism it must first penetrate the cell walk and this fact can probably be 
correlated with the variation of outibactenal cfQciencv of the tnphenjl 
methane dyes and its relation in turn to the tsobutanol/water partition 
coeihcicnt. 

The nature of tlic internal metabolism of glutamic acid which is inhibited 
by crystal violet is at present obscure It is highly probable that some 
glutamic acid becomes combined into peptide chains, but this t)*pc of svmthesis 
apparently does not occur in the washed suspension expenraents desenbed m 
this paper It Is shown in a later paper (Gale 1047 h) that this form of sjTithesis 
occurs m growing as opposed to non growing cells It is also probable that 
transamination reactions occur within the cell and mvolv e glutamic acid it 
was not possible to show inhibition of transaminase preparations b) crj’stal 
violet, but this is not ncccssanlj significant as we do not know what is the 
concentration or location of the dye within the intact cell It is becoming 
increasingly obvious to cjdologists that the organimtion and orientation of 
enzyme systems within intact cells is of primary importance for their correlated 
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metabolic actmties, and it is possible that a dj e such as crystal violet ma^ 
disorganize or disorientate the interior of the cell in such a way that enzjnne 
activities may no longer be possible in ordered sequence although the dye niai 
not be active against the cell-free enzjTue systems 

It has been the custom to calculate the amount of ammo-acid assimilated 
from the increase m the internal concentration of that ammo-acid From the 
results obtained m this paper it follows that such values are less than the 
amount of ammo-acid withdravm from the emoronment by that quantity 
metabolized during the assimilation process A more satisfactory valqe can 
probablj' be calculated from the rise m internal concentration m the presence 
of cr 3 >-stal violet vhich prevents the internal metabolism In Table 3 the 
internal glutamic acid level is given m absence [a) and presence (b) of crystal 
violet, and the latter series of values (b) presumably gives a measure of the 
assimilatory power of the organism at various stages during its grovi;h It 
can be seen that the /A glutamic acid assimiIated/100 mg organism remained 
approvimately constant until groirth ceased at 10 hr and then fell rapidly 
The values m the absence of the dye were approximately constant from 
4-8 hr , but began to fall off before the parallel senes m the presence of dye 
The value obtained vath the 3 hr culture was high in the absence of dye and of 
the same order as the steady figure obtained m the presence of the dye, in tins 
case the addition of dye sometimes inhibited the glutamic acid uptake, and the 
culture generally behaved as though it were very sensitive to outside influences 
of any description It seems possible that the lugh value obtained vath the 
3 hr culture was actuaUj^ an artefact due to inactivation of the metabolic 
s^ stem during preparation, this inactivation ha\ang the same effect on assimila- 
tion as the dve had m older cultures If the ideas put forv'ard m this paper arc 
correct the difference between the values m columns {a) and (b) of Table 8 
iorm a measure of the glutamic acid metabolized inside the cells of the cultures 
This metabolism v as greatest at 10 hr growtli — ^when groAvth was stopping — 
and subsequently decreased rapidly 

f 
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The Assimilation of Amino -acids by Bacteria 

5. The Action of PemcUlm in Preventing the Assimilation of 
Glutamic Acid by Staphylococcus aureus 

By E F GALE and E SHIRLEY TAYLOR 

Medical Research Council Unit for Chemical Microbiology, 

Biochemical Laboratory, Cambridge 

SUMMARY The effect on glutamic acid assimilation of the addition of penicillin to 
growing cultures of Staphylococcus aureus is described Mlien Staph aureus is grown 
in media containing glutamic acid tlus substance accumulates m steadily increasing 
concentration m the cells The addition of penicillin to the medium is followed after 
an intennl by rapidly decreasing concentration of glutamic acid inthin the cells 
The assimilation of glutamic acid by normal wnshed cells is not affected by penicillin 
in lugh concentration The assimilation of glutamic acid by cells which have growm in 
the presence of penicillin is impaired and may be completely inhibited Complete 
inhibition of assimilation is brought about b}' bactcncidal concentrations of penicillin, 
low concentrations requinng a longer time to become completely effective than high 
ones The loss of assimilatorj' power can be correlated with loss of \nabihty 

Companson of the general properties of normal and penicillm-inactivated cells 
shoAv that the respiration, glucose oxidation, glucose fermentation and lysine assimila- 
tion of the latter are normal The internal metabolism of glutamic acid is normal m 
penicillm-trcated cells, but, since the passage of glutamic acid across the cell wall is 
blocked, IS linutcd by the existing internal concentration 

Pre\nous papers of this senes (Gale, 1947a, Taylor, 1947) hnA^c showm that 
Gram-positive bacteria are able to assimilate certain ammo-acids from the 
external environment and to concentrate these ammo-acids m their internal 
en\ ironment so that, at equilibrium, the internal concentration is greater than 
the external Lj'sme passes across the cell wall of Streptococcus faccahs by 
a process of diffusion, but the migration of glutamic acid requires energy which 
can be supplied b\ metabolic processes such as glucose fermentation The 
maintenance of a concentration of glutamic acid wuthm the internal cm iron- 
ment higher than that m the external medium is dependent upon an intact 
cell wall (Gale & Taylor, 1947) After glutamic acid has passed tJirough the 
cell wall, a portion of it undergoes metabolic change, and the Ica cl of glutamic 
acid concentration measured inside the cell represents the balance between the 
rate of entry of that ammo-acid into the cell and the rate of its metabolism 
wnthin the cell (Gale & Mitchell, 1947) 

Since the abihts to concentrate amino-acids w ithin the internal cn% ironment 
is a property of Gram-positis c organisms, the effect on this propertj of s anous 
chemotherapeutic agents has now been tested A prehmmarj note on the effect 
of penicillin in presenting the assimilation of glutamic acid by Staphi/lococcus 
aureus has been published (Gale & Ta>lor, 1940) Pcmcilfm is liighlj cffcctnc 
as a bactericidal agent against most Gram-positnc organisms, while many 
Gram-negatne organisms arc either unaffected or affected b\ comparatnch 
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large concentrations (Fleming 1929) hown\er the Gmm negative meningo- 
cocci and gonococci are ver) sensiti\e» and the Gram positive enterococcus 
Strep faecaUs ST is comparatively resistant PeniclUm docs not affect the 
respiration of washed suspensions of susceptible staphjlococci and was con 
sequently thought to be bacteriostatic (Abraliam Chnm Fletcher Florey, 
Gardner Heatlej & Jennings, 1041) but later work demonstrated that 
I>cnicilhn is bactericidal when It is allowed to act on cells which are growing or 
in a condition where multiplication js possible (Hobby Meyer & ChafTee, 
1942) Gardner (1940) found that bactena will increase in sue in the presence 
of penicillin but do not divide, with the result that enlarged and abnormal 
cells are produced Uobbj & Dawson (1044) showed that the action of pern 
clllln can be enhanced bj the presence of substances promoting bacterial 
growth and inhibited bv substances preventmg growth this conclusion was 
confirmed by Qmin & Duthie (1045) who showed that the bacteriostatic agent 
helvolic aad would protect staphylococci from the bactericidal action of 
peniciUm while sulphonamides which allow several divisions to take place 
before inhibiting growth had no such protective action 

Although pemciUin has no action on washed suspensions of Staph aureus 
Hirsch (1048—4) and Cham A Duthic (1046) found that when penlcdlin was 
added to growing ailturea then after a lag period during w hich respiration was 
normal a progressive inhibition of respiration took place which eventually 
resulted in complete cessation of oxygen consumption, Cham A Duthie 
(1045) found that when the pemcllhn was added in the early logarithmic 
phase of growth the cells contmued to grow for some tmie after the addition, 
but not more than one division per cell occurred and that abnormally large cells 
were produced A loss of viability then took place which ran approximately 
parallel to the respiratory failure and Ij'sis of the non viable cells resulted m 
a steady decrease m the total os well as the viable count. There hav e been few 
pubhslied studies of the biochemical action of pcmcUlin although Krampitz 
&j Werkman (1947) have found that high concentrations (2000 Oxford 
umts/ml ) inhibit the dissimilation of cellular ribonucleic acid and sodium 
nbonucleatc when employed as substrate for S/op/i aureus Atkmson&Stanley 
(1943) found that the action of penicillin could be antagonised by cy'steme 
but further mvestigation seems to indicate that the penicillm molecule is 
inactivated bv chemical reaction with a number of ammo thiol compounds 
(Chow & McKee, 1945 Cavilllto Bailey Haskell McCormick & Warner 1946) 

Methods and organisms med 

Most of the present work was carried out with Staph aureus strain D which 
was noted by Taylor (1947) to be capable of effecting a v cry high concentration 
of glutamic acid withm the internal environment The mam results were 
checked by using another strain which effects a comparatively low internal 
concentration of glutamic acid and against Strep faecahs ST used previously 
The organisms were grown m two media medium A bemg casein digest medium 
contalnmg 1 % (w/v) glucose and 0 1 % (w/v) Marmite medium B ( deficient 
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medium ’) consisting of a salt mi^ure mth 1 0 % {v^jv) glucose and 0 1 % (u/i ) 
jMarniite Tiie preparations of penicillin used were commercial preparations 
(Roche Products Ltd ) of purit^v 500 or SOO Oxford units/mg 

The estimations of ammo-acids and of assimilation -nere carried out as 
prenousl}' descnbed (Gale, lOiTu) In general, the organisms were groini in 
mediimi B, washed and their internal ammo-acid assayed, they yere tlicn 
incubated in a salt solution contaming glutamic acid (200 ^1 /ml ) and 0 5 % 
(w/y) glucose for 1 hr at 37°, washed and the new internal glutamic acid le%cl 
assayed 

Quantities of glutamic acid and lysine are expressed in terms of /il (Gale 
Slitchell, 1947), 22 4/xl glutamic acid = 1 /xmol 

Assimilation of lysine and glutamic acid by Staphylococcus aureus 

The studies on assimilation so far described in this series uerc carried out 
with a strain of Strep faecalis uhich is unsuitable for the inycstigation of the 
action of many chemotherapeutic agents as it is resistant to penicillin, the 
sulphonamides, etc Table 1 summarizes the results of experiments earned out 
to determine whether Staph aureus assimilates Ij’sme and glutamic acid under 

Table 1 Assimilation of lysine and glutamic acid by Staph 3 'lococcus aureus 

Slaph aureus grown in medium B, cells centrifuged down and internal amino acid assayed 
Cells suspended m salt solution contnmmg either 200 ^1 Ij sine or 200 ^il glutamic acid/ml ns 
below, left for 1 hr , centrifuged out of suspension, cashed and internal ennronment rc- 
assaved Assimilation expressed os increase in nmino-ncid content of internal eniiron 
mentoflOOmg di^ « eight of cells 

Increase in internal content 


External medium 

Temp 

L^-sine 

(ai) 

Glutamic acid 
(pi) 

Lj-sine 

4 

30 

— 

Ls’sme 

37 

114 

— 

Lj-sine, glucose 

37 

00 

— 

Glutamate 

4 

— 

Nil 

Glutamate 

37 

— 

Nil 

Glutamate, glucose 

37 

— 

402 


conditions similar to those required bt Strep faecalis The t alucs in Table 1 
slioy that hsme passed into the interna! environment at 4°, more cnectnci} at 
37° and tliat the amount taken up at 37° was less uhen glucose vas present 
These results are essentialh similar to those obtained in Strep faecalis v.hcTc it 
y as shovTi that hsme passes across the cell vail by a process of diffusion, tlit 
amount assimilated being dependent upon the charge of the cell and being 
decreased b\ gh colj sis Glutamic acid did not enter the Staph aureus cells at 
eitlier 4 or 37° in the absence of glucose, showing that, as in the case of Strep 
faecalis, cnergs was required for the migration of glutamic acid across the cell 
wall In these expenments glucose has ah^ajs been added as source of cnergs 
although It was shown wnth Sireji faecalis tliat tlie breakdown of arginine 
would also supph energ} for the migration TJie assimilation of glutamine h> 
Staph aureus also requires energ\ which can be supplied bi glucolisis 
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of pemeUlln Tablfc 2 shoiiTs the effect of the presence of penicillin on 
glutamic acid assimilation by normal cells of Stnph mirfus Two Oxford 
units/ml had no effect on assimilation 2(MiO units/ral gaAcnsetoc 10% 
decrease in the amount of glutamic acid assimilated b> 100 rag of deficient 
p^T1< imder the test conditions It is doubtful whether this decrease is sigm 
Scant 

Table 2 E^fct of pentctlhn on glutamic and astxmtlatlon 
by xcasbed normal cells 


Deficient cefla Incubated for 1 hr at 87“ In prwence of 0 5 % (w/v) gIuco*e, 200 /J- glutamfc 
ucidjnd^ nnd penkflUn aa bdovr 


InOTCMc in Internal glutamlo 


rcnlcJIUn present 
(unlti/inL) 


acid concentration 
(^/lOOmg) 


0 

2 

20 

50 


cas 

027 

500 

580 


The action of pentetUtn on glutamic and assimilation by groicing euUnres 
Action of pentetUtn on growth The growth of an inoculum of Staph aureus 
strain D m medium A was prevented by the presence of 0 08-0 1 Oxford units 
peniciIlin/raL For assimilation measurements it is necessary to have reasonably 
large amounts of cells and so the effect was tested of adding pemcJlin to 
growing cultures of the organism- Fig 1 shows the effect of nddmg vanous 
concentrations of penicilhn to growing cultures of 54np/i aureus'O the additions 
being made after growth had taken place for 8J hr at 87* in medium B 
Growth was follop*ed turbidimctncallj it does not follow that an increase m 
turbidity after the addition of penicillin is accorapamed by a corresponding 
increase in cell numbers It can be seen from Fig 1 that the turbidity of the 
cultures continued to increasenorraally for 30 min afterthcpeniciUmadditions 
The turbidit) contmued to increase for 1-2 hr according to the penicillin 
concentration added, smaller concentrations taking longer to bring the 
turbiditj to a steady level than higher ones Ten units pemciUm/ml bring 
about cessation of g ro wth in about 1 hr but 0 1 unit/ml takes nearly 8 hr to 
become completely inhibitory Viable cell counts were corned out on many of 
the samples It was found that approximately one di\nBion per cell takes place 
within the 80 mm, following the addition of p>enicillm m any of the concentra 
tions tested There was then a steady loss of viability lasting over a period of 
hours and depending upon the penicillm concentration The viable count had 
fallen toabout4%ofitsvBlueat8ihr withia2hr ofthe addition of 10 units/ml 
and to about 80 % within 2 hr of the addition of 0 1 umt/ml Lysis of the 
cells set in 8-4 hr after pcnlciUm odditiom but general lysis did not occur 
with this organism for 24-80 hr after pcnicilUn addition The findings described 
here for the effect of penlcdlm on growth arc in general agreement with those of 
previous authors (Cham & Duthie, 1945) 

Effect of penialhn on internal accumulation of glutamic add The accumula 
tion of glutamic acid and lysine withm the mtcrnal environment of Staph 


at-t 
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aureus cells growing in medium A before and after pemcillm addition ^^as next 
tested The organism i\as inoculated into media at 87° and cells har\'estcd at 
intervals throughout the grov^th period for assay of their internal amino-acids 
as previously described (Gale, 1947a) Penicillin (4 umts/ml ) vas added to half 
the culture at 4 hr Fig 2 shovs the effect of the penicillin on grovlh and on 
the accumulation of glutamic acid vnthin the cells In the normal culture the 
amount of free glutamie acid vTthm the cells increased during grov th, reaching 



Hours of growlli nt 37° 

Fig 1 Effect of addition of penicillin to growing cultures of S/ap/z anrem Medium salt 
mi\turc + 0 1% "Marmitc + l 0% glucose Penicillin concentrations added nt lir 
Curve 1, no penicillin Curve 2, 0 1 Oxford unit/ml Curve 3, 0 3 Oxford unlt/ml 
Curve 4, 1 0 Oxford unit/ml Curve 5, 5 0 Oxford units/ml Curve 0, 10 0 Oxford 
units/ml 

a steady value as grov th ceased The total assimilation ofglutnmicncid/100 ing 
cells vas approximate!} constant throughout the grovth period (Gale 
Mitchell, 1947), but since the level measured inside the cell represents a 
balance bctvv ecn the amount v\ ithdravvn from the external environment and the 
amount mctaboli7cd, this level will be lowest when the internal metabolism is 
highest, 1 e w hen grow th is taking place most rapidh (Gale, 1947 /i) After the 
addition of penicillin to the external medium, the accumulation of free glutamic 
acid w ithm the cells increases normalh for approximatelv an hour and then 
begins to decrease rapidh although growth has not ceased It ean be seen 
from Fig 2 that the fall in the internal glutamic acid level continued until the 
culture ceased to grow The cells were assaved for Ivsine content nt the same 
time ns their glutamic acid content, but, although the accumulation of 1} sine in 
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the normal cells shows a rising curve of the same shape as that shown m Fig 2 
for glutamic acid, the addition of penicillin had no signlOcant effect upon tlie 
accumulation of Ij'sine within the cells These results suggest that the cells 
ceased to assimilate glutamic acid but not Ivsine from the external medium 
shortly after the addition of penicillin to the medlunu 



Fig a. Effect of addition of penkdllln to gitrwing culture* of Staph aureus on the 
accumulation of free glntni^ acid In Uio Internal en\iTOnmenl of the cells, Jledlum 
cn»eln dlgot+O 1% Mamilte+i% glacosc Curve I accumulation of free glutamic 
add In 100 mg celb during normal gro\rth Curve 2 accumulation of free glutamlo 
add In 100 mg cell* during growth when penldlUn (4 Oxford unlt*/m) ) added at 3 J hr 
Curve* 3 and 4 growth curve* nonoal (8) and penicillin added nt 8 J hr (4) to compare 
with carve* 1 and 2 reipeotlvely 

Effect of pemdlhn on glidamxc iusmxlation by growing cells Tlic assumption 
that glutamic acid assimilation js impaired after the addition of penicillin to 
the culture tvas first tested on growing cells The CTpcnment recorded in 
Table 8 shows that In the normal culture the internal content of glutamic acid 
was 88T higher in the cells (lOO mg ) which had grown m the presence of 
added glutamic acid than m the cells grown in the deficient’ medium B In 
the cultures to which penicillin was added 1 hr before glutamic ncid the 
difference between the two groupsof cell was decreased to 110^ glutamic acid 
and this difference was still further diminished to 49 /iL in the cultures to w lucli 
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penicillm was added 2 hr before the glutamie addition This again suggests 
that the capacity to assimilate and concentrate glutamic acid is impaired m 
cells growing in the presence of penicillin 

Table 3 Effect of -pemciUm on ghdaimc acid assimilation 
by groiiing culture o/ Staphylococcus aureus D 

Staph aureus D was inoculated into deficient medium B incubated at 37= x^er 5 hr (B) 
or 4 hr (C) the culture -uas diwded into te\o and pemciUin (10 umts/ml ) added to one half 
after a further 1 hr (B) or 2 hr (C) each batch of culture was again dmded into two and 
glutamic acid (200 /J /ml ) added to half of each batch, all cultures were then allowed to 
grow for a further hour and aU were harvested 7 hr after inoculation 


Culture 

A 

B 

C 




Internal glutamic acid 

PeniciUin 

C 

Glutamic acid 


Increase due to 

10 units/ml 

(200 pL/ml ) 


added glutamic 

added after 

added after 

/J /lOO mg 

acid 

time indicated 

time indicated 

cells 

(/J) 

— 

— 

305 \ 

387 

— 

G hr 

752 J 

5 hr 

__ 

202) 

110 

5 hr 

C hr 

318/ 

4 hr 

. 

200) 

40 

4 hr 

G hr 

255} 


Glutamic acid assimilation by cells grown in the presence of penicillin 

Since the assimilation of glutamic acid by cells growing in the presence of 
penicillin Mas apparently impaired, the ability of such cells to assimilate 
glutamic acid after removal from the growth medium was next tested The 
cells Mere grown as usual in medium B and penicillin (10 umts/ml medium) 
added at 3^ hr after inoculation At hr the cells ere haiwested and 
suspended in glutamic acid glucose salt solution as usual and their abilitj to 
concentrate glutamic acid in the internal en\Tronment compared m ith normal 
cells grown for the same period but m the absence of penicillin Normal cells 
assimilated G38 pi glutamic acid/100 mg , while the cells grown in the presence 
of penicillin assimilated 42 pi /lOO mg The addition of penicillin (50 units/nil ) 
to the external environment during the assimilation procedure had no signi- 
ficant effect AVashing the cells grown in presence of penicillin wnth distilled 
water or incubation ^vlth cjsteinc (1 mg /ml ) did not alter the impaired 
assimilation of glutamic acid The assimilation of glutamine was of the same 
order as that of glutamic acid and was impaired to the same extent in the cells 
grown m penicillin 

Effect of penicillin concentration and time of contact Reference to Fig 1 
shows that the speed wath which penicillin brought about cessation of growth 
varied with the concentration of penicilhn added to the culture Table 4 shows 
the glutamic acid assimilated b\ cells harvested at intervals after the addition 
of V arious concentrations of penicillin to the cultures The abilitv of these cells 
to assimilate glutamic acid was ins estigated as usual Cells taken from cultures 
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to which no pcmciUin had been adde^ durjng growth assirailated 500-700 /il 
glutamic acid/100 mg under the standard conditions of test Wthin 80 min of 
the addition of pcniciUm (10 umts/ral ) to the culture, the assirailatorj power 
of the cells had fallen to 14 % of that of the control within 1 hr the assimilation 
hod fallen to 4 % that of the control and after 00 mm assimilation was no 
longer possible Lower concentrations of penicillin produced tlic same failure 
of assimilatory power but took longer to make this complete thus peniciUm 
at 1 uQit/ml took over 2 hr to prevent glutamic acid assimilation complete!} 
If these values for assimilation arc compared with the curves shown in Fig 1 
it can be seen that there is a correlation between the cessation of cell growth 
and the inhibition of glutamic acid assimilation 

Table 4 Effect of Vie pretence of pemciUin during grmcVi on the 
attimilaiion of glutamic acid by Staph} lococcus aureus 

Cclii grown In medium n «kI penicfliln added In nB cases after 8l hr growth at S7^ Cell* 
harve»ted at vartom timet after the pcnlcQlIn addition. Incubated for 1 hr at 37^ In glutamio 
add (300 ;d./ml ) and glucose (0-6 % w/v) and the Increase in the internal gluUmb odd 
content assayed as usuaL 


FenlcUUn Glutamic add asalinllated (/;xL/I00 rog edit) 

concentration Time of harvesting after peotcOltn addition 

(unha/mL « - ■ . ^ 


medtam) 

80 mla. 

Ihr 

l^hr 

3hr 

8 Ur 

0 

601 

703 

602 

690 

6U 

0 1 

— 

— 

— 

180 


0-5 

— 

— 

— 

113 

— 

1-0 

— 

— 

87 

— 

0 

5-0 

— 

— 

0 

— 

0 

30-0 

82 

81 

0 

0 

0 


Effect of penictlhn on general metabolic adimiy of cells 

Table 6 shows the general metaboUc activities of normal cells compared with 
those of cells harvested after 00 min growth under the usual conditions m the 
presence of pcmcilUn at 10 unlts/ml 

Table 6 Metabolic activities of normal Staph}lococcu5 aureus cells 
and of cells groron in presence of penicillin 
Penicillin celh grown for 90 mtn In medium containing 10 units penIdHIn/ral 



Normal cell* 

Penidllln cell* 

Ilesplmtion 

Glucose oxidation Qo, 

21 5 

BO 5 

16 0 

84-6 

Glucose fermenUtloa <2*^ 

00 

108 

L>’«]De a»lmilaUon (^/lOO mg ) 

00 

96 

Glutomio acid otrimllation 

003 

0 

Comparative vdablc count 

45 % 

0 


Respiration This was measured m Warburg manometers containing 1 0 ml 
suspension of cells and 2^0 ml ii/15 phosphate bufTer pH 7 5 in the mam cup 
and 0 8 mb 10 % (w/v) NaOII m the centre pot. The steady rate of respiration 
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measured over 15 mm ‘was determmed m this manner and also in the presence 
of penicilhn (50 umts/ml ) The values given m Table 5 show that the respira^ 
tion of the cells groivn in the presence of peniciUm vas slightly lower than that 
of normal cells, in neitlier case did the addition of peniciUm to the Warburg 
cup have any mhibitorj^ effect on respiration 

Glucose oxidation This was also measured in Warburg manometers in 
parallel with the blank respiration experiment, in this case 0 2 ml 2 % (v /\ ) 
glucose vas added from the side-bulb at the beginnmg of the experiment 
and the stead}^ rate of ox^-gen uptake measured There was no significant 
difference betv een the rates of oxidation carried out by the tv o cultures, and 
agam the addition of peniciUm to the manometer cups had no mhibitorj 
effect 

Glucose fcrmenfalion Manometers vere assembled containing 10 ml cell 
suspension and 1 5 ml Ji/40-NaHCO3 m the mam cup, and 0 5 ml 1 % (v /v) 
glucose m the side-bulb The manometers v ere filled with a gas mixture con- 
taming 5 % COo-fOS % No After equilibration at 37° the glucose vas added 
to the mam reaction compartment and the rate of fermentation determmed 
from the COo ei olution Since the organism carries out a homolactic fermenta- 
tion, the Qco. measured in this way is a direct measure of lactic acid production 
There vas no significant difference betveen the rates of fermentation of the 
two cultures and the addition of penicillin had no mhibitorj’’ effect The 
assimilation of glutamic acid in the experiments described is dependent upon 
the supply of energy’’ from glycolysis, these measurements show that the 
impairment of assimilation is not a consequence of inhibition of fermentation 
by penicillin 

Lysine assimilation Tins was measured, as pre^^ouslv described, by standing 
the deficient cells m a solution of 200 gl lysine/nil fori hr at 37° and measuring 
the increase in the internal 1} sine concentration The amount of lysine taken up 
is dependent upon the electrical properties of the cells (Gale, 1947 a) and on the 
intact nature of the cell wall (Gale & Taj lor, 1947) Table 5 shovs that the eells 
from the tvo cultures vere essentiallv similar in their capnciU to assimilate 
Ij’smc and confirms the earlier finding that the accumulation of Ijsine vithm 
grovang cells is independent of the presence of penicillin m the medium 

Coinparatiic liable counts Viable counts verc carried out on standard 
volumes (of equal turbiditj) of the tvo cell suspensions diluted 10“ times bj 
serial dilution Table 5 shovs that the iiabilitj' of the suspension hancsted 
^Crom the medium containing penicillin vas about 2% of the normal cell 
suspension 

Penicillin is knomi to lla^e four effects on Staph aureus vhen added to 
grovung cultures (1) the cells become non-Mable (Cham Duthic, 19f5), 

(2) their respiration progrcssnelj fails (Cham Duthic, 1945, Hirsch, 10t3-4), 

(3) hsis occurs after seieral hours (Fleming, 1929, Cham cC Dutluc, 19 fi), 
and (4) assimdation of glutamic acid is p^c^entcd The results recorded m 
Table 5 shov that the failure of glutamic acid assimilation preceded the failure 
of respiration and the onset of general Ijsis and vould appear to take place 

fcpimultaneouslj with or before loss of a labihtj 
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Effect of pemcxlhn on tnJernal metaholism of glidamjc acid 
In the prcMous paper (Gale <Sl. Mitchell 1947) it ^vas shown that some 
metabolism of glutamic acid took place after it had passed Into the internal 
environment of the celL This metabolism could be demonstrated since, if the 
amount of glutamic acid which accumulated Inside the cell dunng assimilation 
was compared with the amount which was rcmo\cd from the external en 
vironmcnt tlierc wms on balance a disappearance’ of the ammo-acid This 
disappearance or metabolism of glutamic ocid is inhibited by the tnphcnjl 
methane dyes Table 0 shows the results of such balance experimenU earned 


Table 0 Effect of penicillin on glutamic netd meiaholism 

Organltm grown in medium B Penfcfllln 10 oniU/mL added to half of culture 90 min, 
before harvettlng Celia centrifuged down washed and luipemions incubated In glutamic 
acid solution + 1 % (w/v) glucoae for 1 hr at 87* Internal and external glutamic add 
assayed before and afla Incubation 




Change In 

Change In 

Glutamic 

External 

IntemoJ 

external 

internal 

odd 

environment 

environment 

envlioDment 

cnvlronnwnt 

metabolised 



{fiL gtatomto add) 


((J-) . 

honnal ceBst 





InHial 

Pinal 763 

TOO 

1000 

-631 

+ 870 

401 

PenkUUrv-treeted celb: 





Initial 1040 

Final 1340 

579 

816 

-100 

-203 

808 


out dunng the assimilatioa of glutamic acid by washed suspensions of Staph 
aureut cells both normal and harvested from medium to which penlcUlm 
(10 umU/raL) was added 00 min prior to harvesting In both cases glutamic 
acid disappeared during the assimilation experiment, the amount disappearing 
in the experiment with pctdciUin treated cells being about 80 % of that 
disappearing with normal cells However with the normal cells the amount of 
glutamic acid m the internal environment mcrcaied by 870 fiL dunng assimila 
tdon while 881 ^ were withdrawn from the external medium Wth the 
pemciUln treated cells the amount of glutamic acid withdrawn from the 
external medium was \ ery much less n decrease of onl) 100 pk bemg measured 
and the ex-pcrlmental error in the detenninabon was of the order of 40 pi but 
the Internal glutamic acid level decreased by 208 pi The figures suggest that 
the internal metabolism of glutamic acid conbnued normally in the penicillin 
treated cells but since the passage of glutamic acid across the cell wall was 
blocked this metabolism took place at the expense of the internal glutamic acid 
already present In the normal cells the glutamic acid metabolised ^nthm the 
cells is balonccd by assimilation from the external medium and an increase m 
the internal le\ cl to maintain equilibrium with the external concentration. The 
fall in tlic curve (Fig 2) showing glutamic acid accumulation within the grovnng 
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cells after the addition of penicillin to the medium is thus explained, since the 
assimilation of glutamic acid is blocked shortly after the addition, and meta- 
bolism of the internal glutamic acid then produces the drop in its internal 
concentration These experiments pronde further proof that tlie metabolism of 
glutamic acid by these cells is an mtracellular process 

Ejffecl of pemcilhn on ghiiomic acid assimilation by 
Streptococcus faecalis ST 

Strep faecahs ST needs about 10 times the concentration of penicillin 
required by Staph aureus m order to prevent grovdli "l^Tien tested under the 
usual conditions, normal Strep faecahs cells assimilated 142/1,1 glutamic 
acid/lOOmg cells, cells which had been grmvn in the presence of pcmcillm 
(10 units/ml ) medium for 90 mm prior to har\^estmg assimilated 57 yl /lOO mg 
under the same conditions The action of penicillin n as thus to impair glutamic 
acid assimilation in these cells as in Staph aureus 


DISCUSSION 


The experiments described shon that one action of penicillin on growing 
staphj lococci as to prevent the assimilation of glutamic acid Since it has been 
possible to study the assimilation of onlj'^ such amino-acids as can be estimated 
by the decarboxjdase technique, it is not possible at present to say wlictlier 
this impairment of assimilation extends to amino-ncids other than glutamic 
acid The assimilation of lysine is certainly not affected m the same v ay, but 
this ammo-acid is not assimilated bj' the same t}^pe of mechanism as glutamic 
acid The Gram-positive cocci are, in general, nutritionally exacting for a range 
of ammo-acids including glutamic acid, and it is reasonable to suppose that 
a loss of viability would follow inhibition of assimilation of these amino-acids 
It IS difficult, however, to distinguish betw'een eausc and effect, and it is not 
possible to say at present whether cells rendered non-nable by penicillin 
acting in some other way would be able to assimilate glutamic acid or not 
There is a suggestion m the data shown m Tabic 4 and Figs 1 and 2 that 
cessation of assimilation precedes loss of viability In Fig 2 there is definitely 
an mcrease m turbiditj' after the point at which the internal concentration of 
glutamic acid begins to fall mstead of to rise, and the internal concentration 
does not reach a new stead 3 ’- level until growth (as measured by turbidity 


increase) ceases The glutamic acid which accumulates inside the cell acts ns 
a reservoir of ammo-acid for protein synthesis (Gale, 1947i;) and for other 
metabolic purposes (Gale & Mitchell 1947), and it may be that growth will 
continue as long as there is more than a certain limiting concentration within 
the cell In that case the sequence of cients would be (i) penicillin prcients 
the passage of glutamic acid into the cell, (ii) the sintlicsis of protein, etc , 
proceeds at the expense of the accumulated glutamic acid (and other amino- 
acids) within the cell and consequenth the concentration falls, (iii) the 
internal concentration falls to the lowest level permitting sjmthcsis of protein 
and growth ceases Once penicillin has acted on the cell wall, the hirthcr 
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growth 18 thereXore limited by the amount of essential ammo acids accumulated 
within the cell and it may also be the case that this sufRces for sufflcient 
growth to produce enlarged forms of the cells but not for complete division 
Penicillin has no effect on the mechanism whereby glutamic acid is ossimi 
latcd and concentrated within the internal environment in normal rcstmg 
cells, but affects cells durmg growth in such a way tlint assimilation is pre 
\ented. This Buggests that pemcillm either combmes with or produces a re 
organtxation of the cell wall such that the assimilatory mechanism is blocked. 

A recent paper by Shwartzman (1040) has shown that the resistance of 
Gmm negative organisms to pemoiUin is increased by the presence of certain 
amino-acids, aspartic and glutamic acids being very active m this respect. It is 
possible that a mechamsm similar to that discussed abo% e is also operative in 
tins case. 
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The AsBlmllation of Amino-acids by Bacteria 

6 The Effect of Protein Synthesis on Glutamic Add Accumulation 
end the Action thereon of Sulphothlazole 

B\ E F GALE 

Medical flawircA Courted XJnilfor Chemical MieTtA)Mogi) 

Bioehanieol Lahoratory Camhrid^ 

SUMMAR\ I Tltt level of free glutoralo acid accumulating within cells of certain 
Gram positive cocci Is lower In growing cells tlmn in resting cells, other conditions 
being cfjual Part of the glutamic odd assimilated by growing Slaphyloeoccua aureus 
is condensed into peptides or proteins thus accounting for this apparent drop 
in glutamic add accumulation. Sulphathtazole Interferes iritli this condensation of 
glutamic add into peptide form. 

When Gram positive cocci ore grown m a medium deficient m free glutamic 
acid and then suspended m a solution of glutamic acid and glucose, glutamic 
acid IS assimilated and concentrated in the internal environment of the cells 
As the ammo acid is assimilated a portion of it undergoes metabolism and the 
level of free glutamic acid attained mside the cell represents a balance between 
the rate at which it enters the cell and the rate at which it is metabolized inside 
the cell When assimilation is studied m washed suspensions of cells the 
metabolism of glutamic acid inside the cell does not lead to pq>tide formation 
but consists of some other form of alteration of the free glutamic acid molecule 
(Gale ILtchell, 1947) The results presented m this commumcation show that 
m growing cells there is a further ractnbohsra which results in peptide and 
protein formation and that this form of metabolism is inhibited by sulpha 
thiazole 

MeViods and organismf The methods of estimation of glutamic acid growth 
and ossirailation have been described m the previous papers of this senes 
(Gale 1947) Two organisms have been used Staphylococcus aureus 0778 
isolated by Dr E Tople> and found by her to be sensitive to sulphathiazole at 
1 mg /lOO ml concentration and Streptococcus faccalis ST used m the previous 
studies Three growth media ha\e been employed 

Medium A tryptic digest of cascm+01% (w/\) Marmite + 1% (w/v) 
glucose. 

Medium B Stephenson s inorganic salts (Stephenson 1089)4-0 1% (w/v) 
Mnrmite4'l% (w/v) glucose. 

iledmra C 1 % (w/v) peptone (Difco) + l % (w/v) glucose 

Aesimilation of gUdamxc aetd hy growing and resting cells of 
Streptococcus faecalis 

The curves of Fig 1 represent the mternal concentration of glutamic 
acid/100 mg dry weight of jS'btp /oeenffs cdls when these cells are tested nt dif 
ferent ages under tlie vanOus conditions indicated. Gale & Mitchell (1947) have 
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shown that cun^e 8 represents the assimilation of glutamic acid in the absence 
of internal nietabohsni, and the cur\’e suggests that the capacity to assimilate 
tlus amino-acid is roughly constant throughout the groivth period but falls 
rapidly soon after gron-tb ceases Cur\ e 2 represents the balance betw cen the 
rate of assimilation (or entry mto the cell) and the rate of metabolism of 
glutamic acid in n ashed non-gromng cells, so that the difference betneen 
cun-es 2 and 3 for each culture represents the proportion of assimilated glutamic 
acid undergoing metabolism (other than peptide formation) inside the cell 



Fig 1 Internal concentration of frce glutamic ocid in 5 faecalis cells Cune 1, cells 
grown in medium A (approx 200 //I free glutamic acid/ml ), lian ested from the 
growing culture, -washed and internal glutamic acid Icxel assajed immcdmtcU 
Curve 2, cells grown m medium B, harvested, washed, incubated for 1 hr at 37'’ in 
glutamic acid (200 //I /ml ) and glucose (0 5%) Curve 3, cells grown and harvested 
as m 2 but incubation carried out in presence of crystal xnolet (1 10,000) Curve 4, 
growth curve in medium A 

Curve 1 show s a further decrease in the balance of free glutamic acid during the 
early stages of growth Since the cells used to obtain curve 1 v ere growng but 
those for curve 2 were ‘resting’, it is possible that*the difference between 
curves 1 and 2 represents, for each culture, tlic proportion of assimilated 
glutamic acid which is undergoing condensation into protein It can be seen 
that cun es 1 and 2 meet at that age of culture when active cell grow th ceased, 
as judged turbidimctrically, and it lias already been showm that peptide 
formation does not take place m non-growmg cells of this nature (Gale A- 
Mitchell, 1047) In the growing cells (cun c 1) the level of free glutamic acid on 
balance rose as growth proceeded, suggesting tliat the jiroportion of assimilated 
glutamic acid entering mto combination was greater in the carl} stages of 
growth This aspect of assimilation can be studied more easih in Staph aurevs, 
since this organism accomphslics a higher concentration of glutamic acid m Iht 
internal environment than Strep faecalis and conscqutntlv effects of this 
nature are of greater magnitude 
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Accumulation of free glutamic aad vmde growing Staphylococcus aureus eclU 

Fig 2 shows the lev'cls of glutamic acid attained inside cells of two strains of 
Staph aitreus at \arious times during growth in medium A The curves are of 
the same nature as curve 1 in Fig 1 and shots the same general increase in con 
centration during growth. It can be seen that when grotvth was taking place 
most rapidly between 6 and 0 hr the accumulation of free glutamic ncid was 
temporarilj checked again suggesting that this level within the cell is a balance 
between the rate of entry and the rate of combination into protein, etc. The 
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Fig 2 Growth and accumolatlon of free glatamlo add in internal environment of Staph 
atarua Mediumj casein dlge*t+3% gluco 0 O+Ol% Mannito. Growth: strain A 
O O strain D A A 1 add : strain A • — • strain D A — A 

same type of curve is given when growth and assimilation are followed in 
medium B and for reasons explained below this medium has been used for 
manj of these studies Fig 1 shows that, m the case of Strep faccahe the 
amount of glutamic acid assunilated (i e. withdrawn from the external en 
vironment) was approximately constant during the period of growth, and if tlie 
suggestion be true that the difference between curves 1 and 2 (Fig 1) is due to 
condensation of free glutamic aad mto protein or peptides then it should be 
possible to show a variation In the ratio of combmed/free glutamic acid at 
various stages of the growth period 

To test this Staph aureus 0778 was grown in medium B m Roux bottles 
lying flat all inoculated with a standard moculum and suitable amounts of the 
culture were har\ested at various times during growth The harvested cells 
were washed and the external total and internal free glutamic acid ossaj cd on 
samples as usual (Gale, 1047) the rest of the cells were then subjected to 20 hr 
hjdrolj’sls in boiling 5\ HCl the excess acid removed t« vacuo and the total 
glutamic acid (free + that released from protein by hydrolj'sis) assayeil The 
ratio of the combmed/frec glutamic acid in the internal environment could 
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then be calculated Table 1 sho\\s a senes of results obtained m such a manner 
It can be seen that (1) the free glutamic acid content of tlic cells rose during 
growth, as showm before , (2) the combined glutamic acid /lOO mg dr'* eight of 
cells fell during growth, (3) the ratio of combincd/free glutamic acid fell from 
5 6 for S hr culture to 1 5 for 8 hr culture, (4) the total (free + combined) 


Table 1 Free and combined ghdaimc aad content of grmnng 
Staph} lococcus aureus cells 

Glutamic acid 


Age of 

Growth 

Free 

Total 

Combined 


culture 

(mg dr\' wt 

(/il/lOOmg drv' wt cells) 

Itntio 

(hr) 

cells/nil ) , — 


A. 


combmcd/frcc 

3 

0 07 

ICO 

1050 

800 

5 58 

4 

0 127 

188 

081 

703 

4 23 

41 

0 104 

215 

1083 

808 

lot 

5 

0 170 

280 

1110 

827 

2 80 

0 

0 232 

371 

1147 

770 

2 00 

7 

0 204 

405 

1134 

720 

1 80 

CO 

0 302 

405 

1003 

508 

1 48 


glutamic acid/100 mg cells was approximately constant throughout the 
gron th period It follows from these results that the difference bcti\ ecu curi cs 
1 and 2 Fig 1 (or their equivalent for Staph aurens) was due to prolciii or 
peptide s}nthcsis and that glutamic acid after assimilation into the groiMiig 
cells V as partly incorporated into protein, etc 

Effect of sidphatinazolc on protein formation 

Sensitivity to sulphathiazole Staph aureus C773 was stated bv Dr E Tojilcy 
to be sensitive to sulphathiazole at 1 mg /lOO ml When tested in mcdiuiii C 
sulphathiazole at 10 mg /lOO ml vas neccssarv to prevent the grovth of an 
inoculum of 10® cclls/ml Since it vas desirable to deal -wntli rcasonabl} large 
amounts of cells, the clTcct of adding sulphathiazole to the mcdiiiiii 1 lir after 
inoculation v as tested In medium C 100 mg sulphathia/olc/lOO ml brought 
the grov th to a stop after 5 hr , v hen the crop v ns npjiroximately GO % of that 
in the control culture, in medium B 100 mg sulphathiazole/lOO ml sloncd the 
growth so that the final crop ^\ns 80% of the control, but the Ino cultures 
ceased actn c grow th together, m medium A it was not possible to dciuonslralc 
an} significant action of sulphathiazole under these conditions The three 
media differ mami} m their free ammo-acid content, the internal concentra- 
tions of free glutamic acid attained in 100 mg of cells at the end of grow lli m 
the tlircc media (sulphonamidc-frcc) were A, 500 /xl , B, 405 /d , C, 105 /d 

Absence of effect of sulphathiazole on glutamic acid assimilation Inj -dashed cells 
Cells hnn ested from medium B w ere incubated in the presence of gliitaniic acid 
(200 gl /ml ) and glucose (0 5 %) as usual, and the increase in the internal Icicl 
of free glutamic acid assased as prcMoush described (Gale, 1047) Sidjihn- 
thiazolc c\en m saturated solution had no effect on the assimilation process 
under these conditions 
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mfect of stdphathtCEZole on glvlamic acid acamulaiion in growing <xUs The 
organism "was cuUi\ated m medium B and sulphathiaiole added to portions of 
the culture after inoculation later the cells sverc harvested and their mtemal 
glutamic acid level assayed Tabic 2 sho^vB that the presence of sulphathiazolc 
in the grovrth medium increased the amount of glutamic acid accumulating in 
the cells at the time of harvesting Previous experience with the action of 
tnphenylmethane djes on assinulation (Gale & >Iitclicll 1047) showed that 
an increase In the le% el of glutamic acid inside the cell might be attributable to 
an inhibition of some metabolic process in\olving glutamic acid inside the cell 
Smee sulphathiazolc had no effect on assimilation in washed cells it does not 
affect the metabolic processes blocked b\ crjstal \ lolct under similar circum 
stances Howe% er the results gi\ cn m Table 2 are shown only by growing cells 
and the work described here has shown that there is a further form of meta 
holism in such cells wluch results in condensation of free glutamic acid into 
a combmation presumably of peptide nature. The question arises whether the 
increased levels of free glutamic acid In the presence of sulphathiazolc are 
attributable to disorganization of thb protein synthesis 

Table 2 Ejfed of ndphaUitazoIe on arcumtdaiton of ghdamie acid in 
inirrnaJ environment of growing Staphylococcus aureus 

AD cultures laocolated with Sfaph atirntt OTTjj nt time 0 and tncubated at 5T* Sulpha 
thiaule odded as bekrw at I hr all ceD^ harvested at hr and waihed before anay 

bulphnthlasoU Growth at Glutamk) add In 

content of harvertJog internal environnwit 

pfTOwth medium (mg drv we^ht (^iL/lOOrog 

(mg /lOO ml ) of celb/mL) dry wt, cells) 

0 0-140 108 

1 OISS 380 

10 0-121 8oe 

100 0 102 S25 

Fig 3 shows the accumulation of free glutanuc acid witbm cells growing m 
medium C In the presence and absence of sulphathiazolc It can be seen that 
whereas the curve has the normal shape for the accumulation of glutamic acid 
m cells growing in the absence of sulpbnthiaxolc, the curve obtamed for the cells 
growing in the presence of sulpbathiazole is approximately a straight hne 
coming at a level slightly below that attained by the normal cells at the end of 
grondh. 

Table 8 shows the ratio of free and combined glutamic acid determined 
during growth of the organism in the presence of sulphathiazolc in medium B 
for purpose* of comparison with Table 1 Tlic ratio is approximate!) constant 
over the period studied It has been shown in the earl) part of tlus paper that 
the V onation of the level of free glutamic acid m growing cells is due to protein 
formation such that the lower the level the greater the rate of protem sjm thesis 
The data presented In Fig 8 and Table 8 show that the normal condensation of 
glutamic acid into protem becomes disorganized in the presence of sulpha 
thiazolc It does not, of course, follow that sulphathiazolc interferes directly 
0“I5 a* 
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with the condensation of glutamic acid into peptide, as an\ interference or 
inhibition of protein synthesis -would be expected to produce the results 
described 

Table 3 Free and combined ghitannc acid content o/' StapliN lococeus aureus 
growing in medium 5+100 mg % sulpliathiazolc 


Ratio for cclN 

Glutnmic acid of same age in 


Age of 


(pi /lOO mg 

drj vvt cells) 

Ratio 

control culture 

culture 

Growth 

, 

^ 

combined/ 

without 

(hr) 

(mg /ml ) 

Free 

Combined 

free 

sulpliathiazolc 

3 

— 

— 

— 

— 

5 58 

4 

0 09 

284 

821 

2 80 

4 23 

44 

0 no 

379 

834 

2 20 

404 

5 " 

0 no 

332 

842 

2 54 

2 80 

0 

0 170 

297 

822 

2 70 

2 09 

7 

— 

— 

— 

— 

1 80 



Honrs of growth at 37° 


Fig 3 Effect of sulpliathiazolc on accumulation of free glutamic acid in growing cells {Staph 
aureus) jUediiini, 1% peptosc + 1% glucose Ciinc 1, glutamic acid nccuinulntlon in 
normal medium Cunc 2, glutnmic acid accumuLation in medium containing 100 ing 
siilphalhiazole % added at 1 hr Curve 3, normal growth curve Curve t, growth 
curve m medium containing 100 mg sulpliathiazolc % 


DISCLSSIOX 

The Avork described in this series of papers can be summarized .is follows 

(1) The passage of glutamic acid across the cell wall of certain Gram- 
positne bacteria requires energv and this can be supplied b_\ c\ergonic inctn- 
bohsm such as ghcohsis (Gale, 1947) 

(2) The Gram-positn c bacteria examined assimilate glutamic acid and con- 
centrate it in the free st itc m the intcnial env ironment so that, at equilibrium, 
the internal concentration is greater than that in the external cnvironriKiit 
(G.nlc, 1047, Tulor, 1947) 
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(3) This ability to concentrate glutamic acid in the free state "mthin the cell 
is apparently confined to Gram positive species (Taylor 1047) 

(4) Within the cellst glutamic acid undergoes metabolic change In gro\ving 
cells part of the assimilated glutamic acid is condensed into peptides or pro 
tcins In non growing as well as m growing cells other forms of metabolism 
take place dunng assimilation (Gale A. Ulitchell 1947) 

(5) Tyrocidm and detergent substances release the glutamic acid from inside 
the cells bj modification of the permcabilit> of the cell waU (Gale Taylor 
1047 n) Tj’rocidin causes an actual rupture or partial solution of the cell wall of 
Strep faecahs (Mitchell A. Crowe, 1947) 



Fig 4 Asrimllatlon of gluUiolo add by Gmm podtive bacterial cell and aotioo 
thereon of chemotheTapeutlo agenti. 


(0) The level of free glutamic acid attained within the cell depends upon 
(a) the external concentration and (6) the balance between the rate of entry 
into the cell and rate of metabolism within the celL Consequently an> sub 
stance mhibitmg the mtemnl metabolism wiU give nse to an increased con 
centration of free glutamic acid within the cell while any substance mterfenng 
with the passage of the amino-acid across the cell ^vall will gi\e nse to a dc 
creased concentration withm the cclL 

(7) Penicilhn prevents the passage of glutamic acid across the cell wall but 
docs not interfere with the internal metabolism of glutamic acid Penicillin 
acts m this waj onlj if the cells concerned are grown for a short period in its 
presence (Gale A- Taylor 10476) 

(8) Tnphenylmcthane dyes inhibit the internal metabolism of glutamic acid 
in Strep faecaltt (Gale &■ Mitchell 1947) 

(0) Sulphathiazole interferes with the formation of protein etc from glutamic 
aad in growing cells 

These findings are represented diegrammntically in Fig 4 The question 
arises os to how far the effects described for the action of \Tirious substances 


ta-t 
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can explain the antibacterial action of these substances All the substances 
tested so far are markedly' more effective against the Gram-positn c bacteria 
than the Gram-negatn e species but some of them, e g the dA cs and suljihn- 
thiazole, are effectne m high concentration against the latter Tn^lor (1047) 
has shorni that the concentration of free glutamic acid iMthin the cells was 
a property only of the Gram-positn e organisms examined, but it mn\ be that 
the later stages of protein sjmthesis etc , mthm the cell are common to all 
bacteria In general Gram-negatn e bacteria are able to sjTithesize glutamic 
acid and consequently do not need to assimilate the free nmmo-acid, so that 
they would not be expected to be sensitive to the action of a substance iiliosc 
onl}' function uas to pre^ent such assimilation Tins may be tlic case vitli 
penicillin (sec Gale & Taylor, 19476) If the later stages of the assimilation 
process — peptide condensation and aniino-aeid interchange — arc csscntialli 
similar m all bacterial cells then one nould expect their sensitmtv to inhibitors 
of these processes to depend upon the importance of the rates of the relevant 
reactions and the concentrations of relevant reactants in the cells To under- 
stand the importance of assimilation processes v ith regard to d} e and sulphon- 
amide action, it vnll be necessary to determine hov the anabolic processes in 
Gram-negatn e organisms are related to these diselosed for Gram-iiositn c 
species The relation betn een these processes and resistance to penicillin the 
sulphonamides and d^ cstuffs also needs investigation The action of UTocidin 
and the detergents lies m a rupture of the cell membrane, and the release of 
glutamic acid etc from the internal environment is therefore merelj svmpto- 
matic of the release of all soluble cell-constituents (Hotchkiss, 1944) 
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A Method for the Large-scale Productioa of Streptomycin 
by Surface Culture 

B\ G C AINSUORTII, ANNIE IL DUOU'N P S S F MAIISDEN 
P A, SMITH AND J F SPILSBUBY 
The Wellcome Physiological Retcarch Laborntories Beckeixham Kent 


SUMMAR\ : orldng detalla are given of a method for producing itreptomj cln bj 
the surface culture of Streplomycea grlBeut In pint milk bottles on a papain digest of 
beef+meat cTtract+glucose + mineml salt medium. StrcptomjcUi titrea in the 
crude culture fUtiatei of 250 /ig /ml or more were obtained alter 10-14 daj's growtlu 

E\tins fl peptone papain digest of spent pancreas from Insulin manufacture 
papain digest of jeast, and a proprietarj casein meat hjdroli'sate \Tere found to be 
possible alternative sources of organic nitrogen Growth was good on media con 
tabling peptic digest of beef or peptic tryptic cnsebi digest but the streptomycin 
titre was low 

The utilization of glucose and the production of 8treplom>’dn depended on the 
relatl\'e amount of nitrogen present In the medium 

During the latter hnlf of 1946 attempts were made m these laboratories b> 
Mrs Ursula Wilson to produce streptom\cm from SiTcpiomyeet grueus on the 
lines ad\ocated b> American workers {see review Waksmnn A SchatJt, 
1945) Great dUhculty was experienced m obtaining groNvth on the surface of 
the medium the mvcsUgations were hampered b\ the lack of a streptomycin 
standard by which to measure the yield and m spite of much expcnmentation 
the results were unsatisfactorj At the beginning of 1046 tlie work u'as con 
tinned by two of us (G C A- and A M B ) \nth mdiffcrent results until a 
particular!) suitable medium for the growth of the organism was found and the 
conditions required for promoting good surface growth were recognired At 
the same time the streptomycin assa> was standardised bj the receipt of 
a sample of Btreptorajem sulphate from America During the early summer 
the opportunity arose for a short period of experimental large scale strepto 
mj cm production using the plant at the Wellcome PemciUin UniU This paper 
summarizes aspects of the experimental work and ouUmes tlic production 
method devised 


JIETHQDS AND MEDIA 

Siraxn ThestTamofiS'^^Q7to7«l/cr^grfsct<#emplo)ed^vas^^aksmnn s 8tram4 
(National Collection of Type Cultures no 0061) but, because of an impression 
that the strain had undergone shght variation while m these laboratories 
a culture of the organism actuallj used in the large-scale tnals has been re- 
turned to the National Collection of Cultures where it is catalogued os 
no 7187 

Method of aMiay Tlie method of ossaj forstreptomyem a dilution test against 
Efc/iencJim cob » described by Brown A Young (1947) it is only neccssar) to 
state here that the unit emplovcd is 1 0/ig of streptora\cin base 
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Belmont medium 

The unsuccessful experiments on media and methods of culture u ill not be 
detailed The best and most used of the earlier media -was the one ad^ ocated bj 
Waksman & Sehatz (19-15), uhich had the following composition glucose 
10 0 g , NaCl 5 0 g , peptone (Evans’s)* 5 0 g , meat extract (Wilson’s or Lab 
Lemco) 5 0 g , vatcr to 1 1 , pH 7 0 Surface grovth on this medium vns 
frequently fair although the streptomycin titre -was invariably lov At other 
times, for reasons still not fullj’^ understood, the grovth vas vhollj submerged 
and streptomycin production negligible Waksman emphasized the importance 
of meat extract and peptone for streptomjem production, and vhen these 
ingredients v ere substituted for casein In drolysate in the AVcllcomc modifica- 
tion of Czapek-Dox solution, a synthetic medium devised for penicillin pro- 
duction by Dr C G Pope (Clajton, Hems, Robinson, Andrews & Ilunvickc, 
194-1'), it v as at once 'apparent that a very favourable medium for the grov th of 
S griseus and the production of streptomj cm had been found The composi- 
tion of this medium, which v ill be referred to as ‘Belmont medium ’, vas, in % 
(a\/\ ) NaNOj, 0 4, KIRPO^, 0 1, KCl, 0 05, MgSO^ TH.O, 0 5, FeSO^ 711.0, 
0 005, CuSOj 5 H 2 O, 0 00175, sodium citrate, 0 2, sodium acetate, 0 2, 
glucose, 4 4, peptone (Evans’s), 1 0, meat extract (Wilson s), 0 5, vatcr to 
100 ml The pH vas adjusted to 7 0 vith NaOH, and sterilization vas clTcctcd 
by autoclaving for 15 mm at 15 lb /sq in 

Glaxo flasks (Clayton et al 1944) containing 200 ml amounts of medium 
vere found to be con^cnlent culture vessels, later pint milk bottles vere sub- 
stituted for the Glaxo flasks except for cultures to be used ns inoculum, viicn 
the larger surface area gi\ cn in a Glaxo flask was advantageous 

I nociilalton 

The conidia of S gnscus arc diflicult to vet and tend to aggregate in clumps 
(Car\ajal, 194G), this is probablv the reason tlint, to establish good surface 
grovth, a large inoculum and the addition of a vetting agent arc essential 
The routine procedure fmalh adopted vas to add a 1 10' dilution of sterile 
‘calsolcnc’t to a frech spormg 7-14-da> liquid culture, and after Mgorous 
shaking to break up the m>cclial mat, using the resulting suspension of spores 
and nucclial fnigmcnts as inoculum at the rate of 3-4 ml /200 ml of the 
medium to be inoculated By this method a film of surface grovth vas 
apparent after 24 hr at 28°, and vas complete after 18 hr 

Incubation temperature 

Experiments shov ed 28° to be near the optimum for grov th of S griseus and 
for strcptonncin production At this temperature the surface of the mcdiurii 
vas completch cos ered In the second da\,nnd the thick vrinklcd nncclial mat 
remained vhitc At 25° grovth and strcptonncin production vcrc sonicvliat 

• In in-, Sons, I>f-'chtr and \5cl)b I td , I-ondnn and l>iscrj>ool 
-j- Obtained from Imi>tnd Clitmical Industries Ltd 
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slower but a satisfactory surface coverage and a final titre equal to that 
obtained at 28® resulted At 81 the optimum had been passed the surface of 
the medium became co\ered slightly more rapidlj but the thinner mvceliol 
mat, at first greyish in colour turned brown and became ^vatc^loggcd and the 
streptomj cm titre fell The browning of the raj celium at higher temperatures 
could, however, be counteracted by lowenng the temperature to the optimiun 
or better to shghtly suboptlmnl {2fi ) 

Using Belmont medium and the methods outUned above titres of 200-C00 pg 
strcptomjcin/mL at 10-12 days were regularlj obtained, and on occasion 
titres of o\ cr 400 /tg /ml resulted (sec Table 1) 


Tabic 1 Streptomyem production on Belmont medium and 
analyns of metabolism fluid 


Period of tncuballon (dQ\’s) 

0 

8 

4 

5 

0 

7 

Streptomycin titre /oiL) 

0 

18 

45 

05 

105 

216 

pH 

— 

0 78 

osa 

0 78 

0 52 

0 17 

Compodtloa of medium fli % 

of origtnolt 






Glucose 

too 

005 

855 

71 0 

580 

38-0 

Total N 

100 

81 5 

Sl-O 

70-5 

74-0 

75 5 

AnilnoV 

100 

lOOO 

100-0 

80-0 

800 

006 

Ammoola N 

100 

55-0 

31-0 

25-0 

24 6 

180-0 

Period of tnouhatlon (days) 

8 

10 

11 

12 

18 

14 

Streptom)*cin tltro (og /mL) 

303 

800 

448 

300 

345 

300 

pH 

08 

7*48 

7-75 

7 78 

625 

88 

CompoaHioo of medium as % of orlghuil 






Ghicote 

835 

10 5 

lOO 

7-0 

5-0 

45 

Total Is 

CO-0 

005 

72-0 

725 

71 5 

78-0 

Amlno-'V 

01 0 

445 

30 0 

80 0 

375 

87 5 

Amtixraki N 


180-0 

8004) 

400-0 

500-0 

490-0 


ExpfTtmeniai media 

The prospect of a large-scale production tnal in the pemcillm plant necca 
sitated modifications m the Belmont medium because of the difficultj and 
expense of obtaming sufficient peptone and meat extract under the prevailing 
conditions Various ad hoc experiments were therefore imdertaken to find 
substitutes for these ingredients and at the same time a more aj'steniatic 
studj of S gnseuf was made to elucidate its nutritional requirements and to 
explam the success of Belmont medium The results of the former experiments 
are indicated below and an account of the latter investigation is given by 
SpiUburj (1047) 

Organic nitrogen The effects on streptomycin production of various sub- 
stitutes for Evans s peptone are summarized in Table 2 In general the vigour 
of growth on the different media was directlj correlated witli the streptomv’cln 
titre, but although growth was quite heavy on media containmg jicptic digest 
of beef or peptic tryptic casein digest the titres were very low on such media 
Papain digest of beef digest of spoit pancreas from insulm manufacture 
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papain digest of yeast, and ‘Cas3''drol’ (a easein-meat Indrohsatc, Bcngers 
Ltd , Holmes Chapel, Cheshire) all sho^ied promise Papain digest of beef iias 
adopted for the produetion medium In addition to the materials tabulated 
a papain digest of Pemcilbnm felts was tried but found •worthless, and no 
success was obtained mtli cornsteep liquor either as a nitrogen source or in 
place of meat extract 

Table 2 Effect on streptomycin j)iodnction of replacing casein hydrolysate in 
71 cllcoine modification of Czajyeh-Dox solution by other oiganic nitrogen 
sources, with or xcithout meat oi yeast extract 


Streptonij cm titre (fig /ml ) nt 10-12 dn\s 



Equivalent r 


A 



total N 


+ 0 5% 

+ a cast 

Nitrogen source 

(pg /ml ) 


meat e-stract 

cstract 

Casern In drolysnte 0 25 % (w/a ) 

04 

00* 

100 

— 

Peptone (Ea-ans’s) 10% (w/a) 

Papain digest of beef 

1 5 


250-400t 


(concentrated) 





10% (s/a) 

1 5 

75 

270 

— 

^ °o (' /' ) 

0 75 

05-70 

150-250 

— 

2 5% (a /a) 

04 

25-00 

75-100 

— 

Peptic digest of beef 





20% (a /a) 

0 80 

40 

— 

— 

10% (a /a) 

043 

30 

— 

— 

Spent pancreas digest 

1 2 

100 

— 

— 


1 00 

105 

— 

100-200 


0 53 

50 

— 

35-00 


0 21 

30 

~ 

20-55 

Papain digest of a cast 

1 0 

100 

240 

— 


05 

100 

140 

— 

Papain digest of soa a flour 

1 2 

150 

150 

— 


0 8 

120 

no 

— 


04 

40 

100 

— 

Casein digests 





Papain 

— 

25 

— 

— 

Tra'ptic 

— 

25 

— 

— 

Pcptic-traiJtic 

1 00 

30-50 

no 


‘CasadroP 





2 0% (w/a) 

2 0 

100 

— 

— 

1 0% (w/a) 

1 3 

120-200 

— 

80-220 

0 5% (a\;a) 

0 05 

45-100 

— 

45-55 

0 25% (w/a) 

0 325 

20-25 

— 

20-25 


* cllcomc modiflralion of Czapek-Do\ solution t Belmont medium 


Meat extract The beneficial effect of meat extract on streptomj cm production 
was rcpcatcdh confirmed For example, m a large factorial experiment, 
certain results of which are gucii m Table 4, the streptonnem litres at 12 dajs 
for 5% papain digest + 4% glucose anth the addition of 0 5, 0 25 and 0 0% 
meat extract avere 150, 100 and 70/ig /ml respcctnch In a limited senes of 
trials Marinitc and lentil extract prosed to be of no \aluc is a replacement for 
meat extract but some success was obtamcel with je.ist extr let (see Table 2) 
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LcPage <SL Campbell (1040) used 10% (\r/v) Bacto yeast extract as^a sub- 
stitute for peptone and meat extract Tlie yc&st extract used m the present 
ivork Teas prepared bj adding 100 g of dried j east to 1 1 of boiling water 
allowing to cool and using the filtered liquid (which had a total N of c 
2 5 mg /ml ) at the rate of 1-0 or 2 0 % (\ /\ ) i e at a total N lev cl of 0 025 
or 0 05 mg /ml in the flmshed medium 

Table 3 Streptomi/cui hire and glucose vtilizatwn at 12 days 
tn Belmont and tn H aksman s media 

Initial cootmtratkm of gIuco« (%) In medium 





Glucose 


Glucose 


Glucose 


Strepta- 

utOixa 

Strepto- 

utillxa 

Strepto- 

utilka 


mvcln 

UOD 

mycin 

lion 

mvein 

tk)n 



(%) 

(^/ml ) 

( o) 

{ns /mL) 

(%) 

BeiiDOQt mediam 

810 

08 

100 

07 5 

70 

076 

Waijman a medium 

115 

00 

116 

00 

00 

100 


Table 4 Streptomyein titre and glucose uUhzalion at 11 days in 
Belmont medium tenth peptone replaced by papain digest of beef 
Initial conctnUatloo of gluccne {%) In medium 





Glucose 


Glucose 


Glucose 


Strepto- 

uUlka 

Strepto- 

utfUxa 

Strepto- 

utilUa 

Pspoln digest 

mycin 

tion 

mycin 

tkm 

mjcln 

tkm 

(% ^^) 

inSlral) 

(%) 

(#ig/mL> 

(%) 

(fig /ml) 

(%) 

60 

190 

67 

100 

725 

150 

036 

2-0 

00 

87 

>70 

51 

75 

80 

1-0 

40 

83 

40 

42 

<30 

64 


Carbohydrate Most of the experimental work on the carbohydrate com 
ponent of the medium was directed towards exploring the possibihty of re- 
placing glucose bv lactose and ascertaining the most efficient glucose level 
IMien lactose v\*as substituted for all or part of the glucose m Belmont medium 
or was combmed with papain or comsteep liquor growth was poor and titres 
low Glucose had a marked effect on streptorayem production The results of 
experiments on v'arying the percentage glucose in Belmont and modified 
Belmont medium and m aksman s medium are summarized m Tables 8 and 4 
Increasing the glucose in Waksmans medium from 1*0 to 2 0% increased 
the streptomj cm titre but a further mcreasc had no effect. Decreasing the 
glucose in Belmont medium had the reverse effect (see Table 8) and though 
6 0 or 9 0% glucose in modified Belmont medium increased the Btrcptom^cin 
titre the percentage glucose utilized decreased (sec Tabic 4) It is clear from 
these results (and those of Spilsbury 1947) that the C/N ratio is important, 
Isitrogcn is the hraiting factor in aksman s medium containing 4 0% 
glucose and 9 % glucose is supra-optimal for the modified Belmont medium 
containing 2*0 or 1 0 % papain digest. 
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THE PRODUCTION PROCESS* 

Inoctihtm 

A culture of S gnscus (N C T C 71S7) \\as subculturcd on 2 % agar sl( 
Belmont medium in G x 1 m culture tubes After 7 da} s incubat 
28-29° the tubes n ere sealed by dipping the cotton plugs into molten p 
w ax and stored in the dark at 5° until required 

The medium used for the production of comdia (spore medium) 
modification of Mo\ers medium, liaMng the following composition ] 
digest of beef (see below) G 0% {xj\), all % (n/v) molasses, 1 5, gf 
0 58 NaCl, 0 5, FeSO^ 7H2O (A R ), 0 0015, CuSO^ 5H„0 (A R ) 
(NH,) Mo,0;i 4H2O (A R ), 0 0013, MnSO^ 4H2O (A R ), o' 00028, IQ 
0 006, MgSO^ 7 H 0 O, 0 005, water to 100 ml 

This medium was prepared m GO 1 batches in a steam-heated Cnai 
cauldron After adjusting to pH 7 0 + 02 by the addition of pellet si 
hydroxide (B P quaht} ) the unfiltered medium was distributed m 3 
quantities into carefully washed 25 1 bottles of the Roux type (Thoi 
bottles) autocla^ed for 15 mm at 15 lb /sq m , and allowed to stand o\c: 
before inoculation 

About 10 ml of a 1 10 000 sterile aqueous ‘calsolcnc’ solution were 1 
to a slope culture (G x 1 in tube) and the growth rubbed off the agar wil 
pipette The whole of the suspension so obtained was used to moculat 
bottle of spore medium which was then incubated at 28 5° After 7 
3 0 ml of 1 % ‘calsolene’ solution were added, the cotton plug replnci 
a sterile rubber bung, and the bottle thorough!} shaken The hca\w 
suspension so obtained was used to inoculate a further fift} Thompson b 
of spore medium at the rate of 4 0 ml /bottle, the transfer being cfTccti 
means of sterile glass tubes (internal diam approx 5 mm ) plugged at on 
with cotton-wool and calibrated to hold 4 0 ml This larger batch of inocii 
spore medium w as also incubated for 7 days at 28 5° and then used -as moc 
for the production medium A small proportion of each batch w ns rescr\ 
inoculum for more spore medium, and the process was repeated until if 
considered necessar} to rc\crt to a scaled culture 


Production medium 

The production medium was a modification of Belmont medium m wbiel 
peptone w as repheed bN papain digest of beef the meat extract was dccrc 
m quantita and 10 p p m of manganese substituted for the trace of 
(Spilsburv, 1947) It had the following composition (all % (w/\) unless of 
wise stated) XaXOs (Ciulean) 0 4, KIl^PO^ 0 1 , KCI, 0 ();, sodium cit: 
0 2 sodium acetate (recrest ), 0 2, MnSO^ 4II,0, 0 004, CuSO, ll 

• Tlif Iireo-'-c-iIc production «■ Kcnmcdoiit in lilt penn ilJin surf ict i iilliirt pi int <!' ‘•i 

b\ Dr C G rojH. and Dr IJ Ilawcv, it is hoi>cd that a full''r dc^cnption of llii'' pi ml 

he publi'lmf 
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0 00176, glucose monohydrate, 4 0, Wilson s* pure extract of beef 0 25 % 
papam digest of beef (see below) 6 0%(v/v) water to 100% 

A papam digest of beef was prepared by the method used by Mr J G C. 
Campbell m the W P Ri. Media Production Umt 

120 lb beef muscle flnelj minced trimmed from fat and suspended In 00 1 of 
water previously heated to 80 and contained In n steam heated cauldron fitted with 
a 1 lup motor driven propeller stirrer The temperature was raised to 60 100 g of 
powdered papain added and the temperature kept constant for 4 hr At the end of 
this period the digest was brought to tlte boll ond boiled for fi min allo>vcd to cool 
and then filtered tlwough a bag filter Tl^e digest was usually prepared the day before 
It was required and after storage at 6 0 overnight, any fat on the surface >ras 
removed by skimming This operation was important because the thin film of fat 
which otherwise co\’cred the surface of the final medium liad an adverse effect on the 
growth of the actlnoraycete 

The whole of the digest from 120 lb beef was incorporated in 1700 1 of 
medium the mgredients for which were measured out and placed in a stainless 
steel mixmg tank fitted with a motor driven propeller stirrer atcr at 
a temperature of 80® was added to make up the required volume 8 kg of celite 
(Johns Mannlle Ltd ) was stirred m to aid the subsequent filtration, and the 
pH was adjusted to 7 0 -w ith sodium hydronde pellets The hot medium was 
passed through two bag filters each cootainmg a further 8 kg of celite cooled 
to 60®, and then stored In a stainless steel holding tank which supplied the 
filling machine 

Before autoclaving the production medium gave a chemical analysis of 
the following tyqje total N 2 8>-l 8 mg /ml amino N 0*84-0 6 mg /mU 
ammonia N c. 0 05 mg /ml mtratc (as NaNO,) 0 2 % total reduemg sugars 
(as glucose) 4 0-8 6 % total solids 80-00 mg /ml The specific gravity ivas 
about 1 08 

After autoclnvmg a slight increase m reducing substances was noted the 
pH fell to 6 8-0 2 and a deposit was observed along the bottom of the bottles 

Bottlnig and stenlizaiion 

Pmt milk, bottles ( crown cork milk bottles ) were charged with production 
medium at the rate of 200 mL/bottle by means of an automatic bottle- washing 
and filling machme. After filling the bottles were plugged by hand with non 
absorbent cotton wool fitted with loose fitting aluminium caps (Wellcome 
PemciUm Unit Type 2 see PI 1 fig 2) and arranged m twelves m wire baskets 
to facihtate handlmg The alunumum caps were those previously used for 
pcmcillm production and they had been designed to permit a sumlar passage of 
air to that allowed by the cotton wool plugs When a closer fitting cap was tried 
it was found that the dimimshed aeration gave substantially lower titres 

The medium was very smtable for bacterial growth and it was found 
necessary to plug as well os cap the bottles pre\ious to moculation because 
most contamination was found to occur dunng the coolmg after autoclaving 
Stcnhzation of the medium was effected by autoclaving at 2-5 lb /sq in for 
80 mm This was not entirely satisfactory because on incubabon a small amount 
* WQboq • Meats Ltd., Loodon 
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of contamination by a Bacillus subfihs-hke organism occurred m umnoculatcd 
plugged and capped bottles AutoclaMng at 15 lb /sq m for 15 mm proAcd 
satisfactory, but extension of the time to 1 hr rendered the medium useless 
for the grondh of S gnseus 

After autocla\ mg, the baskets of hot bottles m ere packed on to the mono- 
rail carriers, Inch supported the baskets m an almost horizontal position, and 
passed tlirough a cooling tunnel m nhich the temperature of the bottles ^^ns 
brought dorni to that of the incubators (28 5°) by a blast of air The carriers 
were then removed to the sprav-gun room 

Empty canisters v ith the spra\ -guns attached v ere returned to the spore 
preparation seetion vhere thej vere cleaned b> rinsing in narni natcr and the 
cotton-Mool air filters verc renened Experience during the dc% clopmcnlal 
stages shoved that traces of detergents such ns ‘tccpol’ or soap and the use 
of dilute phenol solutions for rinsing out sprav-guns after v ashing had a 
deleterious clTect on the inoculum 

Inoculation 

The spra\-guns used to inoculate the production medium verc Aerograph 
guns (tApe MP) Each gun vas fitted vith a cotton-vool air filter and a 1 1 
canister containing a filter of 50/in mesh wire gauze and connected to the gun 
by G ft of rubber tubing The nozzle of the gun v as co\ ered v ith a cap of 
cotton-vool vhich vas tied m place and the vholc gun put into a small calico 
bag The canister lid v as coa ered v ith a square of cotton cloth v Inch v as tied 
down round the canister The gun and canister verc then carcfulh packed into 
a speciallA constructed gahamzed iron box and the vJiole sterilized by aulo- 
claA mg for 1 hr at 15 lb /sq in 

The sterilized guns vere taken to the sterile room vhcrc the canisters were 
filled vith inoculum and from thence to the sprav-gun room vlicrc the iiipplt 
of the air filter v as attached to the air line (compressed air at 5 lb /sq m ), tlu 
canister being suspended 2-3 ft aboAc the bottlas to be inoculated The gun 
AS ns then remoA cd from the bag and the nozzle fiamed The operator rcmoicd 
the metal cap from the bottle to be inoculated and discarded the cotton jilug 
(see next section) The mouth of the bottle and the nozzle of the gun vert 
flamed Inoculum A\as injected into the bottle as a fine spraA' for 8 sec Tlie 
mouth of the Ixittlc vas again flamed and the cap replaced The a ohmic of 
inoculum introduced into each bottle Asas 3 0 + 05 ml , and this amount v is 
thcckcd at intcrAals Ija similarh deliAcring inoculum into a 10 ml measuring 
cslindcr It nas found that 102 bottles could be inoculated from one cnmslcr 
containing alxnit 000 ml of inoculum Iia one person m 20 mm 


Incuhation 

The inoculated nictlmm A\as intubated for lO-I t da\ s m two large int ub ilor^ 

eicli 105 ft loiigv]4ff vide and e ip ible of holding four rovs of fhirf A -lhrr( 

cirmrN (PI 1 fig 1) The ttmpcriturc aa is maintained at 2S 5^1 0' Iia air- 
conditionmg jilant 
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IlanKsling 

This was elTectcd in a mechanical harvester m which bottles were inserted 
and drained of their contents for a-4 rahu before being transferred to the input 
end of the bottle washmg and filling machine The crude filtrate was filtered 
and then pumped to the extraction department 

Eairactwn 

The streptomj cm was extracted from the culture fluid b^ a method mvolvmg 
charcoal adsorption, elution with dilute aqueous phosphonc acid readsorption 
on charcoal followed bj elution with acidified methanol from which the strepto 
m^cln was isolated as the hj droohlonde. This process is described m detail 
in the next paper (^^ oodthorpe L Ireland 1917) 

^^e wish to express our gratitude to our Beckenham colleagues too numerous to 
mention individual!} whose advice and help were nlwa}*8 pat freely at our disposal 

Mo are also indebted to all those laboratory technicians, and partlculady to 
Mr J Elson lilies K.vHowartl Mr^ Jaulmes and Miss Jean hi Weston wholielped 
with the large amount of routine and assa} work which this invxstlgation Involved 
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A Method for Extracting and Purifying Streptomycin 
Suitable for Large-scale Production 

By T J WOODTHORPE axd D M IRELAND 
The Wellcome Physiological Research Laboratories, Beckenham, Kent 

SUiVEVLARY A method is desenbed for eKtracting streptomjem from culture 
filtrates bj adsorption on charcoal at pH G-S, elution inth 1 2 % (\/\) aqueous 
phosphonc acid, readsorption of the eluate on charcoal at pH 7, elution inth acidified 
methanol, followed b^ er"aporation at reduced pressure and precipitation of strepto 
m> cm bj dilution of the concentrated methanol eluate Math j \ olumcs acetone or 
amj 1 acetate An indication is given of the order of rccoverj% and the potcnei of the 
product obtained The stability of streptomjcin under the conditions of pll and 
temperature to 11111011 it ma\ be subjected during the extraction is outlined The 
process has been earned out in pilot-scale production equipment handling nOO 1 
batches of culture filtrate 

The aim of this iiork iias to dei ise a method of evtraetmg strcptomtcin from 
culture filtrates prepared by the method of Amsiiorth, Broun, Urnrsdcii, 
Smith & Spilsburj (1947) uhich could be applied to the large-scale and 
economic manufacture of the antibiotic In particular, a method uas required 
that could be earned out m an extraction plant previously used for penicillin 
production 

Extraction methods given bj other workers can be summarired ns follows 

(1) A Adsorption on charcoal at pH 7 0 and elution with 0 5% IICl in 

methanol (Waksman & Sehatz, 1945, LePage & Campbell, 194G, 
Carter, Clark, Dickman, Loo, Shell & Strong, 1945) 

B Concentration of neutral eluate (LePage & Campbell, 1940) 

C Precipitation of strcptonncin hydrochloride, by addition of a large 
excess of ether or acetone to the cluntes or concentrates (IVaksninn 
A Schatv 1945, LePage A Campbell, J04G, Carter cl al , 1945) 

(2) Charcoal adsorption at low pH to remove pigments followed by extrac- 
tion of the streptonncin ns in 1 (LePage A Campbell, 1940, Carter it al , 
1945) 

(3) Adsorption on charcoal at pH 7 0 followed by elution ol wntcr-frec 
cJiarcoal cake wTth anhydrous methanohe Indrogcn chloride concentration of 
neutral eluate and precipitation of the streptonncin Indroeliloride with 
acetone (IVaksmari A Sehatz 1945) 

(4) A two-stage process involving solution of the first precipitate in water, 
adsorption on chareoal, elution with acid-nieth mol, concentration and pre- 
cipitation (LePage A Campbell 1940) 

The adaption of the foregoing processes to large-scale nianufaf taring con- 
ditions presented the follow ingdiflieultics {a) the eonstriietion of aeid-resistaiit 
plant (b) the use of large eolumes of methanol, witli eonseqiienf high e ost of 
production, (c ) the production of large aolunics of nieth mol- u etone mixtures, 
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presenting diEflcuItica of fractionation, (d) the dilTlcult> of rccovcnng small 
■weights of a hjgroscoplc product from large volumes of solvent. 

Bearing m mmd these dilTlcultlea, a process was developed along the foUo^\nng 
lines 

(1) Adsorption of the streptomycin from the culture filtrate on 1 % (w/'\ ) 
activated charcoal at pH 6—8 

(2) Elution of the streptomj cm from the charcoal with 1 2 % (v/\ ) aqueous 
phosphonc acid at pH 1 0-2 0 

(8) Adsorption of the streptomycin on 8-4% (w/v) acti%atcd charcoal from 
the neutrahited phosphate eluate at pH 7 

(4) Elution of the streptomycin under anhydrous conditions with acidified 
methanol 

(6) Evaporation of the neutralized methanol eluate to onc-eighth of its 
original volume 

(6) Precipitation of the streptomj cm by dilution of the concentrate ivith 
acetone or other precipitant of higher boiling point, e g am>l acetate 

This process has some advantages For example (i) In the first stage of the 
extraction streptomj'cin Is eluted from the charcoal with dilute aqueous 
phosphonc acid enabling stainless steel equipment to be used when v olumes 
are large, (u) The orgamc soKent elution stage is delayed until a considerable 
volume dunmution has been effected decreasing soh ent requirements to at 
least one-tenth of those employed m other processes (ui) Precipitation of 
streptomycin is not accomplished until volumes are comparatively small 
(iv) The volume of methanol acetone mixture produced dunng the process is at 
a minimum (v) The use of aqueous phosphonc acid as an eluting agent gives 
pigment free eluates and renders unnecessarv the mtroduction of a special 
decolonzlng stage 


METHODS 

The method of streptomycin assay was a dilution test using EtcheneJna eoh 
{Badmum coU) as the test oigamsra and the umt employ ed was 1 fig strepto- 
my cm base (Brown A. Young 1947) It was necessarv to remove methanol b\ 
evaporation from concentrated methanol solutions to avoid interference by the 
bactericidal properties of the alcohoL In practice samples were evaporated 
under reduced pressure to 8 % or less of their original volume and diluted 
back to the imtial volume with distilled ■water Unsatisfactory results were 
obtained with certam phosphate eluate samples and data obtained for 
extraction elEcicncies and potencies up to the phosphate eluate stage are 
approximations 

The potencies of the final dried products obtained from the pilot plant were 
also determined by a spectrographic assay method (unpublished) developed by 
Dr Tudor S G Jones of the ^^cllcomc Chemical Research Laboratories (sec 
Table 5) 

Total solids were determined by dryring in an oven at 70 for 18 hr Such 
results agreed satisfactorily with determinations made bv drynng by sub- 
limation of the water from the frozen state 
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LABORATORY-SaVLE EXTRACTION 

Most of the ^^o^k on adsorption and elution from cliarcoal nas earned out on 
laboratory-size Jletafilters (Metafiltration Ltd , Hounslo\\ Middlesex) designed 
to take a charge of 150 g charcoal and 115 g filter-aid This gaxc a charcoal 
bed sufficient for a 1 5 1 culture filtrate c\ cle The beds ere n ashed ith w ntcr 
prior to each elution and at the end of each complete and successn c ci clc 
The extraction process from culture filtrate to the first cluatc ina\ be 
referred to as stage 1 , and from the first eluate to the final product as stage 2 
All Aolumes of n ashing liquids and eluants used in stage 1 are gnen as 
\ olumcs/100 ^ ol of culture filtrate For stage 2, all volumes arc gii cn ns 
volumes/100 a ol phosphate eluate Thus a ‘ 40 a olunie ’ aa ash means, m stage 1 
AA ashing AAith a Aolume of liquid 40% of the Aolumc of culture filtrate taken, 
and in stage 2, 40 % of the A'olume of phosphate eluate The ratio strcptoniA cm 
to total solids (^g /mg ) is referred to ns ‘potency’ 

After remoA al of the niA cchal felts the culture fluid aa as clarified bA' filtration 
through cloth filters prccoatcd aa ith Ha flo Superccl (Johns JInnAullc Ltd ) TIic 
culture filtrate assaj ed betiA ecn 200 and 400 fig strcptoniA em/ml on linrA csting 
(potenej G-18) The pH of the culture filtrates ranged bctAACcn pH G and 8 

Stage 1 , F7rst charcoal adsorption 

‘Famell 14’ aabs found to be the most suitable actne charcoal for the 
adsorption of strcptoniA cm from these culture filtrates and alloAAcd elutions to 
take place AAith suitable eluants A IcacI of 1 % (aa/a) charcoal to ciiltiirc 
filtrate a olumc appeared optimal for pH G-8 Pigment adsorption increased, 
AAhilst total solid and strcptoniA cm adsorption decreased belon pH 0, and at 
pH 2 almost pigmcnt-frcc filtrates AAcre obtained AAithout appreciable adsorp- 
tion of strcptoniA cm The effect of culture filtrate pH on strcptoniA cm adsorp- 
tion cfiiciencj IS indicated m Table 1 

Table 1 Ejfect of pH on streptomycin adsorption efficiency 

Onpiml titrc of culUirc filtrate 148 fig ml Adsorjition on ‘rumcll 14’ rlinrconi 1% 
(A'.s) 



Mrcptomjcin in culture 
filtrate after 

Adsorjition 


adsorption 

enkienL\ 

pH of adsoriition 

(fig /ml ) 

(%) 

4 

07 

jT 

5 

10 

80 

C 

<11 

>01 

t 

<11 

>01 

8 

<11 

>oa 


No diffcrcnrcs in cinciencA of adsorption of streptonucm A\crc obscrAcd ns 
bctAAecn passing culture filtrates through static charcoal beds, and adsorption 
on charcoal suspensions Smiilarh, static elution appeared ns sat/sfnetorA ns 
elution b\ suspension Static charcoal beds used for sucecssiAC adsorptions 
and elutions retained their efliciencA. and no appreciable quaiititA of solid 
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matcnal accumalated m them One bed could be used for at least seven 
complete operations Table 2 indicates the total solid (mg /ml ) recovery 
between culture filtrate and eluate over seven successive cycles 


Table 2 The use of one charcoal ttedfor a series of adsorptions and elutions 

CjtIc 



1 

2 

8 

4 

5 

0 

7 

Mean 

Culture flltmte (500 mL) total toUds 
(mg /ml ) 

lB-4 

18-4 

18 4 

IB-4 

18 4 

18 6 

18-4 

— 

Spent culture filtmto (500 ml ) total 
•oUdf (mg /mL) 

— 

15*4 

159 

18-4 

HH) 

15 6 

15-4 

— 

Phospbato eluate (200 mL) total 
■oU^ (mg /mL) 

— 

5-7 

6 8 

68 

0-0 

5-8 

87 

_ 

^ oihwater (200 mL) total solids 
(mg/mL) 

Total solids of culture flltratei 


2-4 

2 0 

3 8 

2 7 

3-0 

2 1 


Adsorbed on cbarcoal (%) 



16 

13 

— 

10 

IS 

10 

15 

Reco\’ered In phosphate eluate (%) 

— 

12 

— 

13 

18 

18 

li 

18 


The effect of leatcr wosUmg the charcoal beds after the adsorption of strepto 
mycin was studied Approximately 30-40% of the adsorbed solids could be 
removed without appreciable loss of streptomycin The progressive change 
in total-solids content of the eflluent when water washing the charcoal beds is 
indicated m Fig 1 A 40 volume water wash appears to be optimum 



Fig 1 Relation between water wtuh volume and concentration of Inactive 
material ia eOtoent. 

Stage 1 £hhion of first charcoal adsorbate 
The progressive change in streptomycin content and pH of the eluate on 
elution with 1 2 % phosphoric acid is shown in Fig 2 The first 3-5 volumes of 
eluate were almost inactite, E3ution was complete with 15 volumes Provided 
a 40 volume water wash wns introduced between the adsorption and elution 
the phosphate eluates were almost colourless Elution of the water washed 
charcoal bed with acid methanol gB\c pigmented eluates 
01(13 
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An indication of the order of recovery and volume diminution obtained from 
culture filtrate to phosphate eluate is given in Table 3 The potency of the 
phosphate eluate was estimated as 30-60, but the accuraev of the ^eco^c^^ 
figures is affected by difficulties experienced in assa^ mg streptoim cm m the 
presence of phosphate 



Eluate ^ olume ns percentage of culture filtmtc ^ olunic 


Fig 2 The progressne change in strcptom\cin content (continuous line) and pH (broten 
hnc) dunng elution inth 12% phosphoric acid A-B, for 10,001)1 culture filtmtc to 
8301 eluate, 8 5% streptomj cm loss, C-D, for 10,000 1 culture filtrate to 12001 
eluate, 3 0 % strcptomi cm loss 


Table 3 Volume dimtniUton for culture filtrate to 
phosphate eluate and % recovery 


Culture filtrate volume (1) 

15 

15 

15 

15 

15 

Phosphate eluate volume (1) 

2 5 

2 0 

2 0 

20 

23 

Eluate V olume as % filtrate v olume 

10 

13 

13 

13 

15 

Total streptomv cm (g ) 






In culture filtrate 

1 5 

2 27 

2 42 

2 42 

1 4.J 

In eluate 

1 10 

1 58 

1 40 

1 57 

1 18 

% rccov erv 

73 

08 

01 

05 

82 

Culture filtrate Titrc (gg /ml ) 

100 

151 

101 

101 

05 

Potenev (fig /mg ) 

— 

0 3 

75 

7 0 

3 1 


Neutralization of the phosphate eluate aith caustic soda ga\c hca\> pre- 
cipitates of calcium phosphate, calcium ion ha^ ing been c\tmctcd from the 
cliarcoal bed during elution at loa pH These prceipitates )\crc troublesome to 
handle, particularh on a manufacturing scale, and entailed an additional 
filtration The amount of precipitate could be decreased, but never cornplctelv 
eliminated bv washing the charcoal beds vv ith a large v olume of dilute aqueous 
phosphoric acid prior to the adsorption of streptoim cm 
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Slage 2 Second eJiarcoal adsorption and ehdion 
The rcadiorption of streptomyTim from the neutralized phosphate cluate was 
effected os at the first extraction stage with Famell 14 charcoal and the 
subsequent elution was bj means of acidified methanol Both operations were 
earned out with the charcoal suspended m the hquor, 8-4% (w/v) charcoal 
was optimal 

Adiorphon After suspension for 30 mm the charcoal was filtered off and the 
bed washed first with 40 volumes of water and finally with 40 \’olumes of 
neutral methanol The purpose of the neutral methanol wash was to remove 
some mactive matenal and to lower the water content of the charcoal bed to 
a minimum h allure to remove water from the charcoal resnlted m sticky and 
h5*drated precipitates of streptomycin hydrochlonde at the precipitation stage 
Ehdion This ^vas effected by suspension of the washed charcoal in methanol 
containmg 2 % (v/v) cone, hydrochlono acid (pH 1 8-2 0) with agitation for 
80 min, 16 ^'olume3 of eluant were used and while 2 % (v/v) of cone, HCl was 
usually adequate to bring tlie suspension to pH 1 6 it was advisable to check 
the pH after 16 min, stimng and to add more acid if required The spent 
charcoal was removed by filtration and the charcoal bed washed three times on 
the filter with 6 volumes of acid methanol The bulked cluate and washings 
were adjusted to pH 0 with 80 % (w/v) caustic soda. Calcium phosphate was 
again precipitated, but the amount of this precipitate also could be decreased 
by pretreatment of the charcoal with aqueous acid Recoveries and potencies 
for the second adsorption and elution ara given in Table 4 


Tabic 4 Folume dfmimdion phosphaie elnale to 
methanol ehiate and % recovery 


Pbotphste eluate vohitrw (L) 

2-0 

23 

2*4 

iletliJUKil rluate (L) 

0*58 

O-W 

0*40 

Methanol eluate voL st % photphate 
eluate voL 

19 

10 

17 

Total rtreptotnydn (g ) i In photphate eluate 

1 57 

1 IB 

1*05 

la methanol eluate 

1*06 

0 81 

0-00 

% lectiveiy 

08 

00 

02 

Methanol doate potency (pg /ml.) 

248 

245 

— 


Sia^ 2, Concentration of second ehiate and separation 
of streptomycin hydrochloride 

The neutralized and filtered duate was concentrated to one-eighth of its 
original volume by evaporation under reduced pressure at 80-40 and refiltered 
Some macti\c material raamly sodium chloride, was thrown out of solution 
during concentration and the streptomycin potencies increased m consequence 
There was no appreciable macti\ation of streptomycin durmg concentration 
the pH tended to frdl 

White fiocculent precipitates of streptomycin h\drochlonde were obtained 
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by the addition to the filtered concentrates of five times tlicir \olume of 
commercial acetone The precipitates were filtered off and dried under reduced 
pressure over sulphuric acid Losses of streptomycin in the mother liquor v ere 
not more than 1 % of that m the culture filtrate, provided the vater content of 
the methanol-acetone mixture vas at a minimum No detectable merense in 
potency occurred during precipitation The overall extraction cnicicncics from 
culture filtrate to precipitate averaged 40 %, and the potency of the jirc- 
cipitate was 200-500 

The solubility of the product in methanol was 10 9 g /lOO ml , m ethniiol 
0 5 g /lOO ml , and in methylated spirits 1 1 g /lOO ml The solubihlj of 
streptomycin hydrochloride in these solvents vill be mnucnccd to some extent 
by the vater content, but it is apparent that, of the three solvents investigated, 
methanol alone is suitable as an eluting agent Witli methanol cluates, care had 
to be taken to avoid concentration to such a degree that the solubiht\ of 
streptomycin hydrochloride vas exceeded 

The use of acetone as precipitant on a manufacturing scale vould be un- 
economic omng to the difficulties of fractionating mixtures of methanol and 
acetone A search vas made for alternative prccipitnnts, of suitable n^nIl- 
ability, cost, boilmg-pomt, solubility m methanol, water content at saturation, 
and ease of dehy'dration Amyl acetate and monoclilorobenycnc iverc the most 
satisfactory and gave as good streptomycin recoveries as did acetone 

StahthUj 

The stabilities of the crude culture filtrate, the methanol cluatc and of 
aqueous solutions of streptomycin hj’^drochloridc were investigated at various 
pH ^alucs and temperatures The maximum stability of culture filtrates and 
aqueous and methanol solutions of streptomycin hydrochloride was in the 
range pH 3 0-0 0 Aqueous solutions of streptomycin hydrochloride were kept 
at pH 1 0 and 20° for 173 hr without loss of activity, aqueous and nictliniiol 
solutions were kept for 33 days at 20° and pH 7, without any delectable 
inactuation Material dried from the froren state has been kept at 20° for 
07 da^s, wnlhout detectable loss of strcplomy'cin content Aqueous and 
methanol solutions of strcploinycin hydrochloride were heated at 00° for 7 hr 
in the range pH 3 0-0 0 without detectable loss of streptomycin content 

PILOT-PLANT LXTPACTION 

Filtralion and first adsorption The culture fluid on the plant scale was 
Ii ir\ ested in batches of 1500 I and was clarified by filtration through leaf cloth 
filters prccoated with filter-aid, filter-aid was also continiioush injcetcrl into 
the flow-line on the feed side of the filter 3 he temperature of the liquor was 
decreased to -f 3° in a bnne-coolcd heat exchanger V battery of ten 3Ie(a 
filters c ich filter haMng a bed of 1 5 kg of I'anull 14 cliarcoal and 2 kg 
H\ flo-Supcrcel, w is used for flic adsorjition of slrcpfonucin from ear h 1 500 I 
bitch The Metafilter beds wtre pretrrated with 1800 1 I 2% (e/\) aqiKoiis 
jihosjihnne acid, followed b\ ISOOl mains water, before being fed with tla 



Eriraction and ptmjicatton of streptomycin 861 

harvested metaboUsm fluid The adsorption of streptomycin was effected at 
a flow rate of 4000 1 /hr , i e 400 L/hr /Metafilter 
First elution The beds containing the adsorbed streptomycin were washed 
with 025 1 mams water and eluted with 260 1 1 2 % (v/v) aqueous phosphonc 
acid the first 60 1 of eluate bemg run to waste. The eluates were neutralized 
With 80% (w/v) caustic soda and insoluble calcium phosphate removed bj 
sedimentation 


Table 6 Mean stage potenaes and % recoveriet for 




troeniy pilot scale batches 




^leon 

Total 

ftrepto- 


Stage 

Overnfi 


potency 

mj'dn 

recovery 

reco\Try 


(Wt /n>g ) 

is) 

Stoge 

(%) 

(%) 

Culture filtrate* 

18-2 

8028 


— 

— 

Pbocpbste eluate 

- 

0303 

Culture flltmte to pboepbate 
eluate 

55 

55 

iletbonol eluate 

281 

2503 

Phosphate doate to methanol 
daate 

80 

44 

Methanol concentente 

ao2 

2505 

Uetltanol duate to methanol 
concentrate 

09 

44 

Precipitate 

423 

2000 

Methanol concentrate to 
predpttate 

8S 

30 

Preoe^ed product 

880 

aso-sf 

1035 

Predpitote to freezcHlrled 
product 

77 

28 

• itean Utret 2e2fig/m] f SpectrograpMo amy 




Second adsorption Each 200 L batch of neutralized and decanted phosphate 
eluate was agitated with 4 % (w/v) of previousl> acid washed Famcll 14 
charcoal for 80 mm The charcoal was collected on Doulton vacuum filters and 
washed with 100 1 distilled water followed by 100 1 neutral methanol This 
neutral methanol wash was generally used m three fractions the first 60 % (v/^ ) 
methanol water the second 08 % (\ /v) methanol water and the final wash with 
100 % methanoL 

Acid inethanol elution The water free charcoal cake was suspended and 
agitated m 80 L methanol, containing 2 % (v/v) cone. HCl Elution was 
effected in 30 mm The spent charcoal was recovered on a Doulton filter and the 
charcoal bed washed with three 10 L washes of acid methanok 

Concentration The bulked eluate and washings were adjusted to pH 6-6 with 
80 % (w/v) caustic soda and concentrated to one-cighth volume in a chmbmg 
film evaporator The methanol concentrate, of 7-8 L was filtered on a Buchner 
filter and the filtrate poured into 40 1 acetone. The precipitated streptomyem 
hydrochloride was filtered off dried under reduced pressure, dissolved in 
pyrogen free distilled water Seitz filtered and freeze dried in phials hainng 
approximately 160 000 pg /phial Stage and o\ erall recovenes and potencies 
given m Table 6 The overall and stage recoveries arc calculated from the 
mean of twenty batches The crude filtrate titrcs and final potencies were 
appreciably higher than the corresponding laboratory figures The o'V'ernll 
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recovery from culture filtrate to frecze-drzcd product vas lover than that 
obtained in the laboratory, but stage reco^ erics on the plant approxiniatch 
paralleled those obtained in laboratory extractions There vas a significant 
increase in potencies during the concentration of methanol chintcs 

We are mdebted to Dr Tudor S G Jones for the speetrogmpliic assay dctcnniiin- 
tions of dned products, and Dr G C AinsAi orth and Dr Tudor S G Jones for Iiclpfiil 
cnticism and nd\ace The pilot-scale production ws earned out in the iicnicillin 
extraction plant designed by Dr C G Pope and Dr W B Haves, and modified h\ 
us for the extraction of streptomy cm 
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A Dilutioa Method for the A6say of Streptomycin 

B\ AIWBE M. BROWN and P A YOUNG 

The Wellcome Physiolc^ical Eeseareh Lahoraiorxet Beckenham, Ketit 

SUilMAR'V A dilution method for the assa> of Btreptoraydn is described using 
a digest nutrient broth os the test medium and a cortdn Blmm of Escherichia coll 
(Baderium colt) as the teat organism. The iniilblUon end point Is estimated turbidi 
metrically by comparison Avitli that in a standard solution of streptomycin base, The 
accuracy of the method vrben employed ns described is of the order of ± 16 % It is 
necessary to control the dilution of the test medium the temperature of incubation 
of the tests, tlie also of the Inoculum and hydrogen ion concentration in order to 
obtain consistent results With dilution of the medium the sensltldty of the test Is 
increased Trhflc its accuracy is decreased. The rise of on inoculum of constant slxe is 
important, and an IncubaUon temperature of 28 is found to be more satisfactory 
Ih^ 87^ Medium with a hydrogen Ion concentration of pH 7 0 alTords greater 
sensitivity than that with a lo\ver pH \'aiue. 

During studies of atreptomycm production by i^irtptomi/c£S gnsetit (sec 
Amsworth, Brown Montden Smith Spilsbury lOW Woodthorpe Ireland 
1047) it was necessary to assay the nctiMty of the culture fluids Several 
methods for streptomyxin assay are noted by Wnksman Schati (1045) but 
a dilution test similar to that described by Pope Stevens (1940) for peniciUm 
was favoured for routine use. The method finally adopted which gi% cs little 
trouble providing constant conditions arc maintained, is described below 
The unit of strepiomijcin American workers ha\ c used the S umtof Waksmnn 
(1945) which was defined as that amount of material which will inhibit the 
growth of a standard strain of Eechenchia colx {Dadenum coH) in 1 ml of 
nutrient broth or other suitable medium This corresponds to the ongmol EseJi 
coh umt and was said to be equivalent to 1 /ig of crvstalline streptoray cm It 
has however since been stated that pure streptomycin base contains approxi 
mately 800 umts/mg (Molitor Gracssle, Kuna l^Iushett JL Silbcr 1040) For 
this reason it is considered less ambiguous to express acti\nties as /ig of 
streptomycin basc/mL or /mg and so avoid the use of unstandardiicd units 
The standard used Three samples of streptomycin sulphate were rcccned 
from Amenca, two from Merck and Co Inc and one from Chas Pfizer and Co 
Inc., the former labelled with the weight of streptomycin base/phial and the 
latter with its purity specified It was deduced from the weight of material m 
the phials received that the first two samples each contamed 500 pg of strepto 
raycin baae/mg This agreed, withm the limits of error of the test, with the 
Btated streptoraycm content of the third sample. An independent spcctro- 
graphic method of assay developed by Dr Tudor Jones of the Hcllcome 
Chemical Besearch Laboratories (unpublished) gave essentially the same litres 
for the three American samples as did the biological assay The Merck sample 
Was considered os standard for pharmacological reasons (3Iadigan Swift L 
Brownlee, 1047) 
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Test organism The organism used for this test 'i\ns Esch coh strain CN 63G, 
available in the dried state at the Wellconie Ph} siological Research Labon- 
tones, Beckenham Tlus organism is easN to control and its iion-j)athogcnicil\ 
IS m its fai our 

Test medium The influence of Anrious substances such as glucose, thiol 
compounds and ketone reagents, and of hjdrogen-ion concentration on the 
actmh of streptonn cm has been noted bj a number of workers (Dcnkclnntcr, 
Cook & Tishler, 1945, Geiger, Green & lAaksman, 194G, DonoMck I'l Rake, 
1946, Abraham & Duthic, 1946, Bondi, Dietz & Spaulding, 1946, llohnsk'i 
Steenken, 1946, Van Dolah Sc Cliristcnson, 1947) In experiments tlcscnlicd 
belou the action of certain of these eompounds could be correlated nith the 
effect on hydrogen-ion concentration, but for others, particularh thiol com- 
pounds and ketone reagents, the nature of the effect vas obscure The scnsi- 
tiMtj- to these compounds and to the concentration of iicptonc used, as 
described b\ Donoi ick & Rake (1946), made a control of the test medium i cr\ 
nccessar} (cf Hobbj, Lenert & H}mnn, 1946) A nutrient broth nhich could 
readih be produced in large batches b> the method detailed bclov ^^ns found 
to be \ cr\' suitable 


DETAILS OF THE ASSAY METHOD 

Preparation of the nnfrunt broth Minccd horseflesh (20 lb ) vas mixed with 
tap water (9 1 ) and heated to 60® The pH vas then adjusted to 5 2-5 6 vith 
HCl and 30 g of papam vas added in 10 g quantities hourh During digestion 
the temperature u as kept bctu cen 58 and 02® After 4 hr the jiH n ns ndjuslcd 
to 5 0-5 5 vith HCl and the product boiled and filtered The filtrate vns 
reheated to 90° and then allovcd to stand oi emight, after nhich it nns filtered 
and stored 

A suflicient quantitj of this papain digest vas diluted mth tap nntcr logne 
a total X content of 1 6 g/1 Sodium chloride vas added to gne a final con- 
centration of 0 5%, nllovance being made for that alrcad} present m tlic 
medium A mixture vas then made containing the proportions 1 1 of tins 
diluted digest and 1 Ib of minced horse muscle This mixture nns licntcfl to 
65°, maintained at that temperature for 20 mm , then boiled for 30 min Tlu- 
mcat particles vere nllovcd to settle and the supernatant liquid decanted 
Liquor remaining m the meat was squeezed out in a press, and the viiolc 
•volume of liquor ^^as collected and made up uith distilled voter to the original 
\olumc of pajiain digest used The broth vas adjusted to jdl 7 0 vilh XnOII, 
boiled, and filtered tlirough paper or cloth precoated vith Hjflo Snpcrccl 
(Jolms Mnn\ ille Ltd ) according to the size of the batch 

Blicn preparing medium for the assay several bottles of nutrient broth 
preparctl ns above were bulked and the pll checked llie medium was then 
distributee! Ill volumes of 5 0 ml bj an automatic measurer into txl m tubes 
TIk^c were autoclaved for 10 mm at 10 lb kq m , a procedure whah did not 
affect the volume The pH of the broth after nutoelav mg was also iiottd, as nus 
variation of more than 0 1 jiII unit luad an appreei.tblc effect on the end jK»iiit 
dilution of the streptornvem standard 
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Assay of streptomycin 

Maintenance of euUure and preparfdion of inoculum 'IhcEsdt coJ* strain was 
maintamed on nutrient agar slopes In order to diminish the frequency of sub 
culture each week six slopes were inoculated from the parent slope and after 
24 hr growth at 87® were stored in a cold room Each day of the week follomng 
subcultures into nutrient broth were made from one of these slopes incubated 
for 17 hr and held at 4 until required for use* A satisfactory inoculum was 
obtamed by using 02 or 0 8 ml of a 10~^ dilution of such a 17 hr culture 
Inoculation b) means of a wire was unsahsfnctor) because tlie organism is ^ erj 
sensitive to heat and inoculation tended to be pntch> 

Preparation of ttandard strepiomycin BoluUon A sufUcient \olumc of a 
solution of the standard streptomjem sulplintc contaimng 200pg/ml was 
dispensed m phosphate buffer (0 1% Na^HPO^ adjusted to pH 7 with phos 
phone acid) to lost at least a week No deterioration of this solution has been 
detected when stored In the cold room Before addition to the senes of tubes 
for assaj this solution ^va3 diluted 10 or 16 tiroes ^nth nutnent broth A small 
amount of chloroform ^vEa added to the onginol phosphate buffer to preaen e 
sterility, and all other dilutions were made wnth sterile precautions 

Eeierniinaiton of assay end-point The \\ eight of streptomj cm base producing 
inhibition in growth of EteJi cch woe determined m the following manner 
Standard gtreptomjem solution was added to a senes of 5 ml amounts of 
broth in the following volimies (ml ) 14 18 12 11 IH) 00 08 07 0 05 
givuig a 10% range with a dilution factor of 1 07-1 12 Each tube was 
inoculated with 0 8 ml of a ICh^ dilution of 17 hr culture of EscJi eoU m 
nutrient broth shaken \ igoroual>, and incubated for about 16 hr at 28 The 
tube in which only a trace of growth appeared was taken as the end point 
As a general rule there was rapid transition from no growth to positive 
growth and the end point tube was not difficult to locate The amount of 
streptomycin present In the end pomt tube was then calculated For example 
when this tube contained 0 9 mkofthel/lOdilution of the standard 200 /ig /ml 
streptomycin solution the total volume being 6 2 mU (6 0 ml broth + 0 9 ml 
streptomycin dilution + 0 8 ml inoculum) tlie amount of pure streptomyem 
base/ml is given b> 

200 0 9 

— -2 00/ig pure base/ml 

This end pomt varied slightly from da> to daj and it was necessarj tlicrc 
fore alwaj'B to include two standard ranges among each day s tests 


THE METHOD OF ASSA\ 

Samples for assaj were saturated with chloroform to inhibit the growth of anj 
chance contamination As the least possible dilution of a sample was 1/8 6 and 
was usually much greater there was no danger of inhibition of growth by the 
chloroform alone a saturated solution of which does not inhibit growth at 
greater dilutions than 1/2 

When testing samples of unknown value ranges co\ enng ^'oIumes from 2^) to 
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0 5 ml of the sample at tv,o IcAcls of dilution ^ere gcneralh used, c rt ml 
tubes of broth -with the addition of 

Undiluted sample (ml ) 20 IS OS 0 5, dilution factor 1 3 
Sample diluted 1 3 (ml ) 2 0 13 OS 0 3, dilution factor 1 > 

If considerable amounts of streptonnem ^^ere suspected larger dilutions of 
the sample -svere made In all tests the final ranges u ere similar to tliosc shou n 
m the paper b\ Pope & Steaens (194G), ^\lth dilution factors 1 20-1 10 All 
dilutions a\cre made aiith sterile precautions in nutrient broth at pll 7 0 This 
as as essential owmg to the effect of the dilution of the medium on the attu ita 
of the strcptoimcin (see Donovick 451 Rake, 104G, and below) The tests wen 
inoculated m the same a\na as the standard dilutions and incubated for IG hr 
at 28'=’ 

In order to facilitate calculation of the potcnca of samples tables were 
calculated for all possible aariations of the standard cnd-point A small 
portion of one of these tables is shown in Table 1 

Table 1 Pari of tohh gntng ihc relation of (hhition 
cnd-points of standard and sample 

End-pomt Strepto- Strcptom\cin base cqunaicnts for dilutions ot samples fUMn}! 
of standard nncin base end points at 

i-Ofig mil ) cqunnlent \olunic ot dilution added (ml ) 


(ml ) 

(Mg) 

20 

1 8 

1 0 

1 4 

1 3 

Jt 

12 11 

1 0 

00 

0 8 

0 7 

0 05 





Lquitnlcnts of strcptomjcin linsc (;ig ) 



1 1 

3 54 

12 5 

13 5 

14 5 

1C 0 

17 0 

18 5 It) 5 

21 0 

210 

25 5 

20 0 

11 0 

1 0 

3 22 

11 5 

12 0 

13 5 

It 5 

15 5 

10 5 18 0 

10 5 

21 0 

21 5 

2fl 0 

28 0 

0 0 

2 00 

10 0 

11 0 

12 0 

1 10 

14 0 

150 100 

175 

10 0 

21 0 

23 5 

25 0 


If the standard cnd-point was on 1 0, and the sample dilution cnd-point on 
1 4, then from the table the sample dilution contained 13 0/tg of strcptoinj tin 
base/ml This multiplied b\ the dilution of the sam])k ga\c its potcnc\ 

The accuracN of the potency determinations can be seen from Table 2 No 
special choice of workers was made when nssn\ing these samples Prom tlu 
standard deAuation of a single test it is clear (hat the potenej of a sample can 
be determined as described abo\c to about ±13%, which is satisfactorv for 
a routine assa\ of this nature 


Tabic 2 The accuraerj of the strcptonujcin asmij 




Standard 

( ocITk u nt 


Pot< nc\ 

dtM ition of 

of \ m ition 

No tots 

( fi" ml ) 

sine'le t( st 


11 

172 

±13 “ 

±21 7 

12 

lis s 

'40 1 

^It 5 

m 

2'<7 5 

-41 5 

± H - 

1C 

1C~ 5 

- 10 2 

^11 7 


15C 3 

il3 t 

r « 0 
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Assay of sirepUmycin 


CoinmenU on Die astay mcGiod 

Concenircdion of broth It was found that dilution of the test medium resulted 
m a higher relative activity of the Btreptoraycm Tlius a fourfold dilution of 
broth mcrcased the end i>oint dilution of samples approximately fift> fold, 
growth remaining satisfactory and cosily detectable m such a weak medium 
This increase in the seiisitmt\ of the test was an ads ontogc m the assay of low 
litre samples A senes of results for a sample of crude streptomyem afisa> ed on 
different days m nutnent brotli of pH 7 0 arc given in Table 8 The results for 
undiluted broth are each the mean of about 80 while those for the weaker 
medium are each the mean of about four results 


Table 8 Variation of end point dihdion of a crude 
sirepiomyan sample wtUi dxltdwn of test broth 


Showing dilation of tl»e tomple required to produce end point growth in each of iix 
replicate tetU using two rtrengthi of nutrient broth 


Tcft broth 

Nutrient brotht Undiluted 
Diluted 1/4 


End point dilution of sample 


1/ 41 1/ 40 1/ 01 1/ 80 1/ 81 1/ 22 

1/1100 1/2100 1/2000 1/620 1/2400 1/910 


Temperature of tncubation During the first ferw weeks of rtreptomjxm assay 
when tests were meubated at 87 and not 28 (see Geiger rt al 1040) it was 
noticed that the growth of Esch eoh was inrgular at the inhibition end of the 
test. Shaking the tube* tqgorousl) after inoculation dimimshed the number of 
tubes groNTing une^ enl> and incubation at 28 was much more satisfactory 
than at 87® This latter pomt was proved b> eountmg the number of tubes each 
day where Eseh. coh had multiplied freely in dilutions of antibiotic less than 
those showing inhibition both m tests incubated at 87 and at 28“ A statistical 
analysis of these odd tube counts was made using Poisson s series. For 1042 
tests the mean number of tubes out of order at 87® was H 16 % and for 1880 
tests at 28“ it was 8 08 % The difference between these two means is highly 
significant (P^o 0078) 

Quardiiy of inoculum Some of the early assays were earned out m modified 
penicillm assay broth (Pope & Stc^ ens 1046) and m general the inoculum used 
for tests in papam-dlgest medium was 0 2 ml of a 10~* dilution of broth culture 
Vanation of this volume gave results which suggested thht the end pomt dilution 
IS roughlj inversely proportional to the quantity of moculura/mk of test broth 
(see Table 4 ) and indicated that care must be taken to use a constant moculum 


Table 4 Fonafion of end point dilution mOi size of tnoaihim 

The table relate* the dilution of tample required for end point growth, with ^•o^u^H^ of 
inoculum (I0~* dilation of 17 hr broth culture of £teA coiOattwococcentnitlons of medlom 
The broth u»ed wm* a papain-dlgert of beef mutcle pH 0 0 
Volume of inoculum 

Test broth dflotlon (mL) End point dilation 

1/4 O-a 1/S57 

0*4 1/143 

1/10 0-2 1/47000 

08 1/8200 
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The effect on assat/xalucs of different pH i allies of the its! broth 
and of till addition of oxidizing and reducing agents 

he effect of pH Reference has already been made to piibbslicd A\ork on t)ie 
ct of %anous agents added to the test broth on the strcpto)n^cln nssa\ 
les The disco\ erj that ^ igorous shaking often ga\ e more consistent results 
jested that o-vidizmg and reducing agents might hn^ c significant cfrccts on 
action of streptoms cm in the assas As some of tlicsc agents also had an 
3t on the pH of tlie test broth tlic effect of \ariation of tlic jiH on the end- 
it concentration of streptomycin base s\ns first inscstigatcd (sec Table h) 
ras found during this expeiimcnt that the pH of the broth used for the 
me tests fell from pH 7 6 to 7 4 on rc-autocla\ ing TJie s ariation in acln il\ 

1 pH 7 2 to 7 4 and from pH 7 4 to 7 G was rather more than 20% Tins 
ns that for each decrease of 0 1 unit of pH between 7 G and 7 2 the strepto- 
m actn ity was decreased by c 10% Wolhnskj & Steenken (1045) showed 
the greatest diminution in actn itj occurred between pH G C and 5 o 


Table 5 Variation of amount of slreptomijcin hose at the 
end-point in relation to the pH of the test broth 


E\pennient 

pH of broDi 

Asernge weight 
ofstrcptoniNcin 
linsc at 
end point 

(ne) 

Percentage i ana Hon 
in iitti\ it\ 

A (to determinations) 

7 2 

2 74 

}-£0 to +21 
j-22 to +2S 

B (10 determinations) 

7 4 

2 10 

C (7 determinations) 

70 

1 71 


iceQect of certain oxidizingand reducing agents In the dclcrimnation of Hic 
t of oxidizing or reducing agents a concentration of substance was usi d 
that growth of the organism in its presence was comparable to llial m 
1 alone, and m all experiments controls of grow th w ere included 4 lie limit 
owth was measured ns the greatest dilution at winch ojnlcstciui was 
rent m a ten-fold dilution senes The concentration of the material was 
vvried by tenfold, starting at a Ijo or l/IO dilution Dnerse suhslniiMs 
chosen so that no common chemical group would be rtsjionsihlt for tin 
ition or reduction The concentration of each of the agents whuh 
ited growth m broth alone, inhibited growth in the presence of strepto 
n, with the exception of hsdrogtn peroxide {‘20 \oI ' solution) liowenr, 
1 inhibited growth m broth alone at a dilution of but not in tie 
nee of streptonnein 

e results in Table G art expressed as the percentage cliangi in the nunilM r 
streptonuem base estimated as iKing pre-sent at flic end [Mant of (la 
micntal test as eoriiprred with those m the control routin' t'st 
c change-s m streptonnein aelnits obstrstd uIkii using th' n'lii'ing 
s w IS parth due to tlunge m pH Hsdro'shumn'- lisdrof fdond' md 
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thiolRcctic ncid show very little effect on the streptomycin litre (cf Cavallito 
1046) The notion of sodium dithiomte wns diETcrent, only about a third of the 
total effect bemg due to pH change. 


Table 6 Vanatwn tn the admtty of tirepUnnycin in the presence of certain 
oxidizing and reducing agents at the maximum concentration having no 
effect on the grozeth o/Esch. cob 

% change In rtreptomydn 
bftse present at end p^t 


Pinal dilution 

Change hi 

Crude 

Purified 

Reagent 

In test broth 

pH of broth 

filtrates 

streptomycin 

Chddlxing agents i 

Iodine 

10 * 

None 

+ 38 

- 06 

K pemangnnate 

10-* 

None 

+ 15-8 

+ 10*0 

Hydrogen peroxide (20 voL) 

10-* 

None 

-1- 46 

+ 8*0 

Reducing agents: 

Sodium dithlonite 

10-« 

-02 

-h75 

+ 724 

( hydrosxUphlte ) 

Hydroxylamine HCl 

2x10-* 

-0 1 

+ 10*0 

+ 18 5 

Thiolaeetio acid 

10-* 

-0-3 

+ 23 

+ 13 


We to thank Mr L V Bennett, MUa E Howard Ml« G Puddefoot and the 
techniool onlxtanta who mode tills assay work posdble we are indebted to Mr J G C. 
Campbell for the formula and preparation of the medium* 
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Studies on Soil Acrasleae 

2 The Active Life of Spedea of Dlctyostellum in Soil and the Influence 
thereon of Soil Moiature and Bacterial Food 

N SINGH 

Ihpfniment of Soil AlicTobMogy lioihamsted Bxpeiitngnfal £tinlhn Uarpmdtn Herts 

t 

SUSIMAnY When sporea of Dicti/osteUinn mvcoroida or D gtganieum were added to 
sterUltcd soil containing a pore colturc of an edible bnetenum the resulting myx 
amoebae actl\ely destroj^ the bacteria in the soli IVhen spores of D muearoides 
were added to the centre of a Petri dish of sterilized soQ containing bacterial food no 
fruiting bodies were formed at a moisture content of 16 % or leas At 10 % moisture 
fruiting bodies were formed at the centre only At &8% moisture the central area 
over which fruiting bodies appeared steadily Increased In sUe until it covered the 
whole soQ surface Species of DldyosttUmn can also pass through the life cycle in 
fresh unsterilUed soil 

The nature of the bacterial food supply affects the growth of species of Didyo 
sltifinn in soli as measured by fruiting b^y formation. Normal fructifleation occurs 
on soil containing certain bacterial strains which induce abnormal fruotlflcntion on 
agar 

It has been shown (Singh lOWc 1047) that species of Didyotiehum are 
Crequentiv present in arable soils m Great Bntam. Their common occurrence in 
soils of the classical plots at Rothamsted, wluch have been unmanured or 
treated only ^nth artificial fertilizers for more than 100 years suggests Uiat 
they are true soil inhabitants The presence of Dicfyosfehum species uv dung 
which has been lying on the ground for some time indicates that the organisms 
find suitable bactenal food in these substrates for their de\ elopraent. Among 
the large vanct) of bactenal species oOered as food to two species of Dictyo- 
steUum on non nutrient agar substrate (Singh 1947) some were completely 
eaten either readily or slowlj whereas others were only partly eaten and the 
rest were inedible. In soil economy the importance of Acrasicae depends 
first, on whether the myxamoebae can lead an active and trophic enstence in 
soli and secondly on whether they arc present m sufflcient numbers to 
dimimsh the bactenal population This paper deals pnncipoUj with the first 
question. 

EXPERIMENTAL 

Materwl Two species DxciyorteUum mucoroides (Brcfeld 1809) and D 
giganteum (Singh 1947) were used, which had been isolated from soils and 
compost heaps by the method of Singh (1047) 

Diminidion of bactenal numbers by the myxamoebae of 
Ihctyosteliuni mucoroldes and D gigantciun in stenUzed soil 
Soil from the plot on Bamfleld at Rothamsted annually manured with 
14 tons of farmyard manure per acre was air dried and passed through n sieve 
of 8 mm mealu It was placed In 800 g lots in large 7 6 m diameter Petn 
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dishes and autoclaved for 2 hr at 15 lb /sq m Tests showed that the soil vas 
sterile The mocula used -nere (a) bacteria, (b) bacteria + spores of D muco- 
roides, (c) bacteria + spores of D gigantcum 
A common soil bacterium (strain 4002) which is readily and complcteh eaten 
by the m)ommoebae and on wluch normal fruiting bodies of Dictyoslchum spji 
are produced, was selected for this experiment One or two loopfuls of a 
2-3'day culture of bacterium 4002 on nutrient agar were spread m a thin la\ cr 
on non-nutrient agar (15% agar m 0 5% NaCI, pH 6 5-6 S) m Petri dishes 
A spore mass, or sorus, raised well above the surface of its culture nicdiuin, was 
gently punctured by a fine sterilized needle and the spores added to the 
bacterial culture on the non-nutrient agar ^ATien fruiting bodies were formed, 
withm 3-4 days, the spores were inoculated on to freshly prepared bacterial 
cultures This process was repeated until cultures of D jmicoroidcs and D 
giganteiim growing on pure cultures of bacterium 4002 were obtained For 
inoculation of the soil plates, growth from 2-S-da^ cultures of bacterium 4002 
on nutrient agar slopes was gentty scraped off, suspended in 0 5 % XaCl and 
the number of bacteria/ml determined bj a haemoc 3 -tometer count Approxi- 
mately the same number of bacteria was inoculated into each of the soil 
samples contained m the large Petri dishes During inoculation the soils were 
shaken to distribute the bacteria as umformlv as possible Large numbers of 
spores of D mticoroides and D gigantcum produced on bacterium 4002 were 
then suspended m 0 5 % NaCl and the number/ml determined in a hacmoc\ to- 
meter Approximately the same number of spores, G4,000/g soil, was added to 
each soil The moisture content of the soils was brought to 33 % (on drA -w eight 
basis) by adding sterilized tap water Immediate!}* after the double inocula- 
tion counts of the bacteria were made by plating from each of the soils The 
number of nable bacteria contained in each soil samjile was njiproximatch the 
same The soils were then incubated at 19-20° 

The counts of i*iable bacteria w ere made at interx als From each Petri dish 
ten random samples were taken by means of a sterilized cork borer, thei were 
thoroughly mixed and 10 g of the mixture used to make the ncccssar\ dilu- 
tions The results are shown in Fig 1 In the control soil the highest bacterial 
count was obtained in 10 days Over the whole period of the experiment the 
rise in bacterial numbers was much smaller in the soils inoculated with 
Diciijostehum spp It was most marked in the first sample, after 3 dn\s’ 
incubation This was probably due to the fact tliat after the m}-xnmocbnc 
emerged from the spores, the} multiplied rapidly for a few dn}s before gn mg 
pseudoplasmodia and fruiting bodies It is during this intcnsn e reproduction 
stage that large numbers of bacteria arc consumed b\ the m\'xnmocbac Once 
the latter begin to aggregate to pseudoplasmodia the m\xnmoel)ae ccasc 
feeding Within 3-5 da\s fruiting bodies were seen m er the soil surface in large 
numbers It is thus natural that w hen most of the ms xamoclnc has c gn cn rise 
to pseudoplasmodia the consumption of bacteria should be much dimimshc-d 
The destruction of bacteria bi D mticoroides isolated from soil, v ,is more 
marked than tliat bx D gigantcum which was isolated from an nctixcl} 
decomposing compost heap of straw and sludge. 
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The spread of luyxamofbae qfDictyostcbum in sUnlized sod and Vit 
formaiion offruiiing bodies at different moisture conients 
lilyxamochae of Dici{/osteltum are able fofecd upon dead bacteria and possibly 
also upon dead cells of other microorganisms present In the stenhxed soil 
\Yhen the spores or mj^moebac were inoculated into sterilized soil to ^\hicli 
no viable bacteria had been added some fruitmg bodies Tvere formed in sod at 
moisture contents between 20 and 40% The formation of fruiting bodies at 
different moisture contents of the soil i5 described below 



Number of dav* after tnocolatJon 

Pig 1 The growth of bacterium 4002 In uterflked »oU alone and In the 
preaenee ot Dictyo$itUtun spp 

Two hundred and fifty g portions of nir-dried sifted soil were put mto large 
Petal dishes (7 0 in diameter) and sterilized Their moisture contents were 
adjusted roughly to 8 10 16 19 26 and 83% b> dry weight and a jovmg 
culture of bactenum 4002 suspended In 0*6 % NaCl added ApproximateK the 
same number of bacteria/g soil was inoculated mto each of the soils Acjlmdcr 
of soil (0*6 im diameter) was removed from the centre of each Petn dish b> 
a cork borer and the space thus made was filled with air-dried and stenhzcd 
soil Upon this was placed one drop of a thick suspension of spores of D 
inucoroides m 0 6 % NaCl The small amount of dry soil absorbed the drop of 
^^lte^ and thus prevented a local accumulation of moisture which might ha\ e 
led to the water currents cnirjnng the spores outwards Lids of small 1 in 

0U13 


•4 
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Petxi dishes -were placed on the top of this soil over the site of the VicUjostchwn 
seeding to stop the spread through the air of spores from fruiting bodies 
produced at the centre. The plates vrere incubated at 20-21° Observations on 
the development of fruiting bodies on the sod siu-face are recorded in Table 1 


Table 1 The approxmaicly arcular area occupied bpfrinfiug bodies xcheu sporex 
o/'DicU-ostelium mucoroides xcerc inoculated ccutrolly in 7 3 in Pctri di'ihcs 
of sierilKed soil of different moisture content 


Dfl^s after inoculation 


■Moisture 
content of 
soil (%) 

S 

10 

15 

10 

25 

83 


4 5 G 8 

\rea occupied bs fruiting bodies (sq in ) 


13 


0 

0 

0 

0 

0 

OS 


03 


3 1 


12 5 


05 
2S 3 


0 

0 

0 

0 3 
3 1 

rc 


Xo fruiting bodies mere formed in 13 davs in soils mth S, 10 and 13% 
moisture at 19 moisture some mere formed on the 8th dav at the place of 
inoculation but they remained confined to a small area in the centre of the 
Petri dish Fruiting bodies mere produced on the Cth daj at 25 % moisture and 
mere \nsible up to a distance of an inch from the site of inoculation on the 
13th dav At 33 % moisture fruiting bodies mere formed intlim about ] in of 
the centre of the Petri dish on the 3rd daj , and thereafter the area o\cr mhich 
thev appeared increased stcadilv until it co^c^ed the Pctri disli after 7 da\s 
On'the Sth day large numbers of fruiting bodies vere seen o% cr the vholc soil 
surface It is interesting to note that by increasing the moisture content of the 
soil the fruiting bodies not onlv appeared much earlier but their spread v ns also 
much quicker ^This suggests that spreading of tlicsc DtctiinshJium spji is due to 
migration of mAm-amoebae tlirough the soil moisture On the tth da\ of the 
gromth at 33% moisture fruiting bodies avere seen inside the area enclosed b\ 
the hd of the small Petri dish as mell ns outside it It seems probable that in 
nature \crasicae spread both bv the dispersal of the spores and In the migra- 
tion of the nn-xamoebae IHicn the sods of lover moisture content in vh.eh no 
frmtm" bodies bad been formed mere brought to 35-10% moisture, hrg( 
numbed of fnutmg bodies mere formcel throughout the sod vithin 7-10 da\ s 
The spread of fruiting bodies and thc.r formation vas unelmnged vhen llu 
moisture content uns raised from 33 to 40% It is interesting that no muting 
bodies mere seen ca cn at the centre on sod aaath less than lo moistun It 
appears that a certain amount of moisture is ncccssara for the gcrmirntion of 
X spores or for the aggregation of the nnmmnoobae to fonn pscudophsmodi . 

In the next experiment the ma-xamoebae of D nmcomu/rs aacre substituted 
for the spores and a drop of a thick suspension of the maxanioebaf in a ,o 
x'ci 1“ .inted ,n <hc cctrc of the Pc.r, d.sl, (Table 5) U K. n,„.el,,r, 
no L.t.n= bo<i.o wore foroicH al 15 % a fc'v 'Krc wen at the plaee of mocul .• 
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tlon on the 8rd dnj , renimnmg confined to a small area up to 10 daj’^ At 20 % 
moisture fnuting bodies appeared on the 8rd da\ as vrith 15% moisture but 
the} spread | m within 10 days The appearance of the fruiting bodies at 25 
and 80 % moisturcftook place on the 8rd daj but their spread was much more 
rapid at 80% than at 25% moisture At 30% moisture fruiting bodies were 
seen throughout the soil surface ^vlthln 10-12 daj's. When mj'xamoebae nere 
moculated mto soil the fruiting bodies oppeared a few days earlier at 20 and 

Table 2 The approximately circular area occupied by fruiting bodies when 
myxamoebae of Dlctyostclium mucoroldes were xnoculaied centrally tn 
7 6 in Pein dishes of sienlized soil of different moisture content 
Days after inoculation 


bloUture 
conteot of 

•nil f O' \ 

2 a 0 7 10 

Are* occupied by fniltlng bodies (sqin ) 

sou 1 ,o) 

‘ 





10 

0 

— 


— 

0 

15 

0 

0-S 

0 5 

— 

0 6 

20 

0 

oe 

— 

— 

0 8 

25 

0 

0-5 

— 

0-8 

8 1 

80 

0 

05 

— 

— 

170 


25 % moisture than thev did when spores were used as inoculum This suggests 
that at these moisture levels it takes some time for the spores to germinate and 
give use to myramoebat At 88% moisture hov c\er fruiting bodies made 
their appearance on the 3rd day when cither spores or mjTtamoeboe were used 
as inoculum It seems that this higher moisture content is required for the 
rapid germination of the spores to give nsc to mvxamoebne The soil of 10 % 
moisture, where no fruiting bodies had been formed was brought to 40% 
moisture at the end of 17 dn>*8 large numbers of fruiting bodies were then 
formed throughout the soil withm the next 8-10 daj's 

Inoculation of 8]}OTes and myxamoebae into natural soil 
Rothamsted Bamfield farmyard manured soil was air dried and passed 
through a sieve of 8 mm mesh Fifty g portions of this soil were put m each 
Petn disK Some of these dishes were inoculated with a tliick suspension of the 
spores some with the myxamoebae of D mMCoroirfcs while the others were left 
as control The moisture content of the soils ranged between 80 and 40 % The 
plates were incubated at 20-21® Within 7-15 days a few fruiting bodies were 
formed in some of the soils which recei\ed spores or mj'xamoebae, but no 
fruiting bodies could be seen in the control soil 
Kubicna and his colleagues (see Kubicna, 1088) m their extensive studies m 
micropcdology by direct obsen ation of various soils hn% e given excellent 
photographs of stalks and son which from their appearance arc almost certainly 
those of species of Didyostehum although the^ identified them as the frmting 
bodies of fungi The identification of these bodies as Acrasieae is supported bj 
the fact tliat the^ could not grow them on media suitable for fungi even after 
repeated trials (cf PL 1 with the photographs of Kubicna 1088) 


M'S 
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Frodiiciion offrinting bodies 0 / Dictj-ostelmm mucoroides m stmlizcd 
soil iciih ihe addition of different bacterial strains 

Forty O' portions of Rothamsted Bamficld farmyard manured soil nerc put 
into Petri dishes, sterilized, and each inoculated wth approxiinatch the same 
number of bacteria from 2- to 3-day nutrient agar cultures of fn c strains of 
common (4000, 4002, 4003 4022 and 4039) and four strains of rare (2SS1C, 
2650, 4087 and 6699) soil bacteria The inoculum of the spores of D mucoroides 
was approximately 20 000/g soil A fen dishes were inoculated n itli the spores 
only The methods used were those described abo\ e The moisture content of 
the soil was 33% after sterilization, the plates n ere incubated at 20-21° The 
common and rare strains of bacteria selected n ere knomi to multiply n ell and 

Table 3 The production of fruiting bodies (FB) 0 / Dictyosteliuin mucoroides 
on sterile soil or non-nutricnt agar in presence of different strains of bacteria 


The different strains of bacteria ncrc inoculated into sterilized soil or spread o\ cr the non- 
nutnent agar, and spores of D tnucoroides added 

Non-niitricnt agar 


Identification 
nos of bactcnal 

Stenlized soil n 

Rclntu e numbers of 

ChiiTacters 

Edibilits of bactena 

strains ii«ed 

fruiting bodies formed 

of fruiting bodies 

bj the nn-xamocbac 

4000 

Large 

Normal 

Complete 

4002 

Large 

Normal 

Complete 

4003 

Large 

Normal 

Complete 

4022 

Ven small 

Normal 

Partial 

2881 C 

A cr\ small 

Abnormal 

Partial 

4087 

Ver\ small 

Abnormal 

Complete 

4039 

Large 

Abnormal 

Partial 

2C50 

Large 

Abnormal 

Conijilete 

CG09 

Large 

Abnormal 

Partial 

Control 

Vers srnnll 

— 

— 


attain high numbers in sterilized soil A rough quantitatn c estimation of llic 
fniiting bodies nas made at the end of 10 dats (Table 3) Some fruiting bodies 
were produced from the spores of D mucoroides in the absence of tlie added 
bacteria Large numbers were produced on six of the bacterial strains, and on 
the other three and in the control sod onh acrv few Thus the qunhU of thr 
bacterial flora alTcctcd the deselopmcnt of the Diclijnsteliiim sjip in sod ns 
reflected in the number of fruiting bodies produced The efTcctof these baeferial 
strains on the fruiting of these species of Diclynshlium on non-nutritnt ngnr 
has alreadA been described (Singh 1047) Strains 4000, 4002 and K)0 f yen 
completely consumed In the nn-xamoebac on non-niitricnl agar and induced 
abundant and normal fniiting Tlie\ also induced nnnicrous fruiting bodies in 
sod Strain 4022 was only parth eaten on agar though it induced norm il 
fniiting bodies, it induced a er% little fniiting in sod Strains 2881 C and )0S7 
induced abnormal fruiting on ag-ir and acre fen fniiting lx>dies in sod But 
Strains 4030 2650 and 6690 although thee induced abnormal fniiting on 
agwaet enabled large numbers of normal fruiting bodies to be jirodiuid in 

sod 
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Fruiting Ixxilfw nf Dlctyo^dhtnx niucoroldn prowing in rtcrilhscd will inoculnt«l with noil 
barteriom 4002 ( x 20) 


B V Sivait — SruDins OM SOIL vcRASiLva. PuVTt 1 







Groxcth of Dictyostelium m soil 


867 


DISCUSSION 

These resiUU show that the mj^raoebae of Didyosiehum mucoroiiks and 
D giganteiim are able to multiply and produce pseudoplasmodia and fruiting 
bodies m soil, whether stcnhzcd or not, contaming a suitable bactenal food 
suppl> Thej also show that for certain strains of bactena differential feedmg 
effects ocair m soil os well os on agar The direct c^^dcnce that the amoebae of 
the Acmsieae lead an active hfe m sod lends support to the indirect e\ idcncc 
deri\ ed from dilution counts that the true amoebae arc also active inhabitants 
since the two tj'pcs of amoebae are identical m their feeding habit and general 
mode of hfe 

It IS mtcTMtmg that the rate of migration of tlie m^'xamoebac through soil 
as estimated from the increasing orea o\ er which fruiting bodies appeared Aras 
approximately 1 m /24 hr at suitable water contents Tlus corresponds well 
with that found by Thornton & Gangulee (1020) for the spread of Rhizobxum 
spp In sterilized sod 

Tills mirk was mode possible by a grant from Uie Agricultural Research Council 
to whom the author a thimka arc due It Is o pleasure to evpress mv sinccro thanks to 
Dr H* G Thornton FJl S and lIUs L M Crump for their intertst In this mtk. 
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Spray Inoculation of Plates in the Detection of 
Antagonistic Micro-organisms 

By a WILSIwV 
The Wihxtri InsUtulc, Helsinki 

SIBDIARY By means of a simple atomizer the surface of agar media inaA be 
sprajed inth a suspension of micro-orgnmsms, so that an men groiith is obtained 
The method is suitable for the seeding of plates for the assay of antimicrobial 
substances It is particularly valuable for the detection of microbial antagonisms, for 
a test organism may be seeded on to established plate cultures of other organisms, 
\vithout disturbing the bactcnal colonics already present on the agar surface 

The disco\ erj-- of penicillin has m recent } cars stimulated the search for other 
antibiotics A commonly used method for discoA ering antagonistic micro- 
organisms IS to distribute a mixed culture from soil, manure, etc , on to the 
surface of a plate seeded uith a suitable test organism After incubation, 
a clear zone free from the test bacterium indicates the presence of an antagonist 
The drawbacks of this tcclinique arc, first, that the potential iiiilagonists, 
especially if they dcs clop slow 1} , maj be choked by the grow tii of tiic test 
organism, and secondly, a non-lytic antibiotic maj leas c no visible record of 
its action The obvious remedy is to allow the organisms from the soil or other 
suspension to dc\ clop for some time before seeding with the test organism It 
IS rarch possible to seed a plate with a suspension of the test organism and 
dram off the excess fiuid, as bacteria from the already dc\ eloped eolonics w ill 
be spread o\ cr the plate On the other hand, to spread the susjiciision bttw eeii 
the colonies bi means of a loop or spreader without tonchmg them is alwais 
tedious and frequent!} impracticable 

A satisfactor} solution of the problem is to allow the jiotcntml antagonists to 
dc\elop for a time, and then to spra\ a suspension of the test orgaiiisin on to 
the plate A de\ ice which wc ha\e used for this purpose is showm in I* ig 1 'J'lu 
conical fiask A has a hole cut in the bottom slight!} smaller than the Petri 
dish The spra}er itself, the construction of which will be understood from tin 
figure, IS wTapped with cotton or cellulose tape and fitted snugl} into the neck 
of the flask Air is blow n by means of a bulb through the eolton-wool filter 11 in 
tube C, the lower part of which is drawn out to a jet Tube D, the top of whirli 
is sealed to C, is drawn out to a fairh fine point so tliat surfaee tension will 
prc\cnt the few drops of bacterial suspension which are plaeerl in I) from 
running out b} gras it\ , it must be aecuratch alined w ith C if a nebulous spra\ 
free from coarse droplets is to be obtained 

To use the spra} er, a few drops of bacterial suspension arc plaecd m lube J), 
the flask A is placed on the Petri dish from winch the eo\er has been reiiioM <1. 
and the bulb is manipulated onee or a few times A beaulifull} c\ en grow th of 
bacteria is obtained if as little as one tlrop of suspension is spra}e(l m this 


was 
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With highly patliogcnic bactwia it is advisable to wrap the joint between 
flask and Petn dish with cotton wool also sufficient tune should be allowed 
for the fine droplets to settle before removing the flask from the dish 



Pig 1 Median ■ecUon thrtmgh the Bproylng apporatv*. 

Plates seeded m this wa> require little or no drying The technique has also 
been found convenient m the first stage m the search for antagonists namel} , 
for distributing the suspension of soil or other material under test It is also 
suitable for surface seeding the agar for cjlmder or cup-plate assay 


{Received 8 Manh 1947) 
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The Production of stable Potent Preparations of 

Penicillinase 

By E S DUTHIE 
The Ltslcr Jnslilutc, Elslrec, Herts 

SUMMARY Optimal jields of penicillinase Mere obtained bv the continuous 
addition of penicillin to cultures of certain strains of Bacillus subtihs during their 
loganthmic groulli phase 

Loucr jnelds of cnz^^ne Mere obtained if the penicillin iras added ulien growth had 
ceased or to parth grown cultures kept at rest and subsequent h shaken 

Partial Ijsis of the bactena was accompanied b\ an increased \ leld of cn?\ me, but 
complete 1> sis appeared to result in partial destniction 

Various authors, beginnings ith Abrnliam A Cham (1040), ha\ c show n tliat the 
abihtt of certain bacteria to destroy penicillin is due to the production of an 
enzTOie pemcilhnase Gram-positn c bacteria of the subtihs group (cf Bacillus 
sublihs or B hchemformts, Duthic, 1944, Lawrence, 1044, 104.')n b, Ungar, 
1944, Bacillus ccrcus, Benedict, Schmidt L Coghill, 1945, LePage, Morgan I'l 
Campbell, 194G) produce the enzyme in a stable extracellular form m con- 
siderable amounts, and culture filtrates of these organisms are therefore t cr\ 
suitable for remot ing penicillin in the stenhtj testing of penicillin batches and 
m rccot cring pathogenic bacteria from bod\ fluids containing penicillin In all 
cases it is important that the enz\ me solution used should be of high jiotcnct , 
so that the penicillin present maj be rapidl) dcstro\cd with ns little attendant 
destruction as possible of anv micro-organisms jircscnt 

In 1944 I showed that the addition of penicillin to tultiircs of B sublihs, 
N C T C 034G, resulted in a 20-30-foId increase in the cn7\ me conlciiL of the 
culture fluid Benedict, ct al (1945) obtainwl ^cr\ high \iclds using 
strains of B ccrcus grown in cultures of pcnicillm-producmg strains of 
Pcmcilhum uotalum and P cbri/sogcnuiii It was ncccssar} to obtain a balam t 
between the growth of bacteria and fungus, and the high n icld was undoublcdU 
due to an cnzsnic adaptation as the result of penicillin production b\ tlu lalttr 
Rcccnth LePage cl al (194G) found that scr\ high \iclds of penicillmasc ma\ 
be obtained ba the gradual addition of penicillin in throe stages to a prc\ loiisK 
aerated culture of the B ccrcus, strain X B R L 5G9, used b\ Benedict it al 
(1945) Growth was maintained for four <la\s The authors obtamcel partial 
purification of the enzs me b\ adsorbtion on to 11% llo Supcr-Ccl ( lolins Man\ die 
Ltd ) followed b\ elution with dilute aninionia and precipitation between 50 
and 100% saturateel ammonium sulphate 

MorerecentK in two papers House wTiglit i Ilcnre (I947fl, b) luue elcseribe-el 
their method of producing penicillinase from this same organism, X R H L 
B5G9 The xiclds of enzx me obtained were not sen high, although the\ added 
large amounts of penicillin both initiallj and after 24 iir growth 

Ms experiments oser the past two sears with two strains of B sublihs hise 
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shown tliat penicillinase of high potenc\ could be obtained consistently bv the 
continuous addition of penicillin to shaken cultures and large numbers of 
batches suitable for routmc use ha'vc been made in this wo> Although the 
eniynic >ield is comparable with that obtained by Benedict et al (1945) it is 
not as high os that claimed by LePage rt al (1940) On the other hand the 
method IS in many respects simpler than that used by either of these authors 
since one single penicillin addition o\er a period ^a^^ing from 2 to 24 hr is 
sulDclent and the results arc very consistent. In addition by \’arying the 
conditions it has been possible to make certain obscmitlons on the nature of 
the processes in\ oh ed 


METHODS 

Orgamtvis used Almost all the expenmenU were earned out \nth two strains 
of a suhtiUs like organism D hchentformts one the N C T C strain 0846 
previously used and another made ft\'ailAble through the kindness of Mr R I 
Himwicke and now entered in the National Collection of Type Cultures as 
strain no 7108 Thi* latter strain producetl approximatelv twice as much 
pemciUmase as did no 0840 imder all the conditions tested^ and was equally 
constf^nt m its behaviour A comparison of the penicillinase producing 
properties of five strains of D tvbtilit and of se>cn strains of S hehemfornus 
obtained ftom the National Collection of Ty^pe Cultures showed that pemcil 
hnnse production was not determined by the species Tbe highest yneld of these 
twelve strams T?as gi^ en by D subitlts N C T C, 85 two strains of B siibtilis 
and fi\e of D lichemformis gn\e moderate yields while two of each species 
gave little or none under the some conditions 

In addition a few expenraents were made with a strain of R ctreus N R,RX 
D560 obtamed from Dr R G Benedict, and used In his experunents (Benedict 
et al 1945) 

Culture methods Smee the majonty of cultures were shaken at some stage in 
their growth it was found con\cnlent to use cither Ehrlcnmeyer flasks con 
taming about one fifth of their volume of medium^ or penjcillm flasks with side 
spouts containing 200 ml of the culture fluid Continuous mo\ement of the 
medium was secured in either case by placing the a essels on a honrontal table 
made to revolve cccentncally about 00 timcs/mm by means of a motor 
Since Lemeo broth (% (w/v) peptone 1 l<emco meat extract 1 NaCl 0 5) 
gave yields of cnzymie which were consistently as high as those obtained with 
other media tested this ■was used m all the experiments The flasks were 
usually seeded and grown at rest for several dayni before experiments were 
made Under these conditions shaking greatly increased the turbidity bnnging 
about a 5 to 10 fold increase m the number of bacteria present, 

PcnicUhn was added continuously to penicillin flasks by means of a Eudrip 
no 2 apparatus similar m principle to the no 3 type described by McjVdam 
DugUid A Challmor (1944) In these experiments the pemcillin flasks were 
fitted With rubber bungs containing two pieces of glass tubing one plugged 
With wool and one co\ cred with a rubber cap and the penicillin was allowed 
to tnclde In from the Eudnp apparatus through a hypodermic needle puslicd 



37'2 ' E S. Duthie 

tlirough the rubber cap The flasks and rubber bungs must be sterilized 
separately to prevent damage to tlie flasks 

Before assays of enzyme content were made, culture samples were freed of 
organisms bj’’ centrifuging, diluted 1 /20 m neutral buffered gum arabic pH 7 0, 
and filtered in S ml amounts through a 4 cm Gradocol membrane of pore size 
about 0 64 /i A number of samples could be filtered m succession tlirough the 
same membrane mth a consequent sa\nng in time and e\pense Large batches 
were successfully cleared bj'^ filtration tlirough paper after the addition of 
Sujier-Cel and were then easilj^ sterilized by filtration 

Estimation of penicillinase content Two methods were used 

(1) Pemciilinase to a final concentration of 1/20,000 was added to nutrient 
broth heavily seeded with the Oxford strain of Staphylococcus aureus and con- 
taining varjung concentrations of penicillin such as 5, 10, 20, 50, 100 and 
200 imits/ml The intermediate penicilhnase dilutions were made in sterile 
nutrient broth and v ere incubated as a check on the sterility of tlie original 
enz}mie solution The mixtures of penicillin, enzjnrne and staphylococci were 
incubated for 24 lir at 87°, and the actmty of the enz3Tne was recorded as the 
number of umts of penicillin destroj’-ed by 1 ml of 1/20,000 penicillinase, i e 
0 0005 ml enzj'me as shown b)”^ the grondh of the seeded staphylococci This 
method was sometimes invalidated b)'^ the presence of chance contaminants 
and was therefore not as reliable as the second method 

(2) Falling dilutions of filtered penicillinase vere added to 100 umts of 
penicillin m m/150 phosphate buffer m 1 % gum arabic at pH 7 4 The mixtures 

ere incubated for 1 lir at 87°, after which samples were placed m cylinders on 
staphylococcal seeded plates as in the penicillin assay method described by 
Heatley (1944) and placed m the incubator All dilutions irere made m sterile 
solutions, although this is probabl}^ not necessar}^ and results were expressed 
as the smallest volume of the original solution vhicli brought about complete 
destruction of the pemedhn as shoum by the absence of an inhibition zone The 
method is similar to that described by the present author in 1944 and used 
subsequently bj'' various workers, although the penicillin concentration and 
time of incubation is different 

RESULTS 

Influence of adding penicillin continuously Li previous studies (Duthie, 
1944) it vas demonstrated tliat the addition of penieillm to a fullj'^ grown 
culture of B suhtihs 6846 grorni at rest increased tlie yield of penicillinase some 
20- to 80-foId The only effect of continuous shaking following or during the 
Addition of penicillin vas to accelerate the rate of formation of penicillinase 
wthout appreciably increasing the final yield In these early experiments the 
penicillin was added m single amounts after 12, 24 or 48 hr growth Since it 
was obvious that under these conditions penicillinase uas present m sufficient 
amounts to destroy the added penicillin very ra])idly and increasing the 
amount of the pemcilhn added m this uay did not affect the final yield, the 
effect of adding penicillin continuously o\er 12-24 In- vas non investigated 
ith the results shomi m Table 1 



Production of penicillinase 878 

Table 1 Effect of adding 10 000-15 000 tuiiU ])C)tiaHin vi 100 ml taltnc in 
various Tcays on the production of pcnietUinasc from Bacillus lichenifomiis, 
N C T C strains 6840 and 7108 


AH cultum ^»cTe grown In 200 ral Lemeo broth 3-5 days at rest before addition of 
penknUn Teropernture 23-20 


Penicillin added 

Condition 
during addition 

Unit* of penldHia 
inoctlv'Bted by 
0-00005 ml eniyme 
solution in 24 Ur at 87 
Method 1 

\ oL of cniymo 
solution re<iulrtd to 
inactivate 100 units 
penicillin In 1 hr 
nt 37* Method 2 
(mi.) 

Continuously 

Shaken 

100-150 

(MX102-0-0016 

Contlnuouily 

ne*t 

0 


In one lot at beginning 

Shaken 

20 


of ihaking 

0 lot* over 30 hr 

Shaken 

20 

o-ow 

0 lot* o^•er 30 hr 

Rett 

s 

— 

No penWIlln added 

Shaken 

<05 



It ^tnll be seen that when penicillin is added continuous!) and the culture is 
agitated dunng its addition the final yield of enz>Tne is much greater than that 
obtained in any other wa\ being some ten to twcnt> times ns powerful as 
when the penicillin is added in one single amount at the beginning of shaking or 
in nx equal amounts over a 80 hr penod Cultures kept at rest yielded e>en 
less 

Tables PenieiUin tn 100 ml saline added continuonsli/ to 200 ml of a 
shalfn broth culture of BboiIImb hchenifoTTais NCTC 0840 at 26® 
Cuhure grown at rest. Shaken during penIdUin addition and allowed to bse later 

Units penicillin inBctJ\ated 
completely bj 0-0005 ml 
Units pcnlctUin penlcfllirm« In 24 hr 

added at 8T* Jlelhod 1 

100 000 0 

60,000 25 

20 000 50-100 

in 000 60-100 

5 000 12 

None 2 

Amount of penicillin added and time of addition In all the expenroent* in 
Table 1 10 000-15 000 units of pemcillm in 100 ml of salmc were added and 
(Table 2) this was optimal for the amount of culture used (200 ml ) This final 
value of 60 \mits pemclUin/ral of culture Is curiously enough similar to that 
adopted by IvcPagQ et al (1940) but is one-eighth of that added bj House 
■^'Tight & Henrs (1047n) A few experiments showed that the period over 
which pemcillm is added continuously should he between 2 and 24 hr and that 
ihere was little athTmtage m prolongmg the time over the 24 hr penod 
Treatment of cultures before dunng and after the addition of penicUlin The 
highest and most constant > lelds were obtamed when penicillin was added 



374 


E. S Duthie 

continuously to a culture first gro%vn at rest and then shaken to ensure further 
growth during the addition of penicillin (Table 8) The yields were sometimes 
as high, hut were less consistently so when penicillin was first added some 12 lir 
alter shaking had begun, by Avhich time the culture had reached maximum 
groAvth Much lower yields Avere obtained if the penicillin Avas added to an 
unshaken (partly groAvn) culture at rest and the culture shaken subsequently 
Alter shaking and adding the penicillin it Avas found advantageous to leaA^e the 


r 


Table 3 Effect of adding pemctlliti to different 
g) owth stages of cuUure on enztpne yield 


Strain no 7108 Temperature 87° 
Condition of groivth 

— K 


Before penicillin 
addition 

(1) Rest 18 hr 

(2) Rest 18 hr 

(3) Shake 18 hr 

(4) Shake 18 hr 


During penicilhn 
addition 

Rest 18 hr 
Shake 12 hr 
Rest 12 hr 
Shake 12 hr 


After penicillin 
addition 

Shaken 12 hr 
Rest 0 hr 
Measured at once 
Rest 0 hr 




Filtrate concentration 
giving complete 
destruction of 100 units/ 
ml m 1 hr at 37° 
Method 2 

<1/300 

1/2000 

1/1000 

l/IOOO 


Table 4 Effect of lysis on penicillinase yield strain, N C T C 6346 at 26° 
Culture grown at rest, shaken dunng penicillin addition and allowed to lyse later 


Units penicillin inactiA'ated by 0 0005 ml 
penicillinase in 18 hr at 37° Method 1 


Units 

penicillin 

Measured 

A, 

After 24 lir 

After 7 days 

added 

immediately 

rest or sliaken 

at rest 

20,000 

12 5 

50 

100 

10,000 

12 5 

50 

100 

5,000 

12 5 

12 5 

100 


cultures at rest for several days at 26° (Table 4) or for 6-12 lir at 87° During 
this time lysis occurred most completely and rapidly in those flasks to Avhich 
penicillin had been added Cultures of no 0846 became almost clear, and those 
of no 7198 shoAved partial clearing It Avas noted that complete clearing m the 
case of 7198 resulted in a loAver yield of penicillinase than that obtained if only 
partial lysis occurred, suggesting that Avhile lysis may result m the liberation of 
the enzyme it may also bring about its partial destruction 

Temperature Equal enzyme yields Avere obtained at 26 and at 87°, but the 
former Avas preferred, since it gave more consistent results The periods needed 
to obtain optimal results Avere in general much shorter at 87°, and Table 5 
shoAAS those periods Avhich gave optimal results for tlie temperatures indicated 
The amount of inoculum used did not matter AVithin Avide limits provided 
that before the addition of penicillin growth Avas sulTiciently vigorous to ensure 
that it AAas not suppressed by tlie addition of the antibiotic 

Media Equally good results Avere obtained on infusion digest and on a meat- 
extract broth such as Lemco An acid-hydrolyzed casein medium similar to 
that used by Rogers (1945) gaA^c about half the yield obtained on the other 
media and the enziunc Avas less stable when diluted The addition of glucose 
to the Lemco broth medium used A\as AAithout effect 
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Dfcp fermentation Ileavj suspensions of both «u&tih«atrnmsv,'erc obtained 
by the continuous passage of nir through ft 12 1 bottle containing 4 1 ofLemco 
medium The suspensions failed to lyse although peniclUm was added con 
tinuouslj dunng the growth phasc» and neither the culture fluid nor the crushed 
organisms ga\c a high yield of penicillinase 

Table 6 Cond?/ioMs/or optimal prodiiciion of pemedhnase 

10 000 nniU pcnldlUn added contlnuoiuly to 200 mL medium 

Temperature Period of growth Ihirotion of Period of Incubation 

C. at rert penicillin addition after penicillin 

87 12-24 hr 0-24 hr 0-12 hr 

20 2-6 days 12-80 hr 2-7 day* 

Organirmt As previously noted D lidiemfomxit strain 7198 gn\enpproxi 
motely twice the penicilhnase yield given b> C346 under identical conditions 
and this appeared to be correlated with the fact that it Ijsed less completelj 
The stram B cereus N R JhL B609 used b> Benedict rt al (194o) ga4e 
approximately one twentieth of the maximum given bj no 71 98 on the ]>mco 
broth medium The continuous addition of penicillin var>mg from 230 to 
10 000 units to 200 ml of medium to a pcmciUmase producing strain of 
Staphylococcxii did not markedlj increase the peniciUmase content of the 
culture fluid 

Companion of methods of measurement The methods of assaying peniciHmase 
used by various authors differ so widclj tlirough variation of substrate con 
centration time and temperature, that it is quite impossible to compare the 
potency of the different preparations recorded without carrying out a number 
of expenments Probably the simplest, if not the most accurate, is to incubote 
various dilutions of pcmcilUnose wth a constant amount of penicillin and at 
the end of a given time to assay the solutions for penicillin activity on staphy 
lococcal seeded Petn dishes The titre may then be taken as the lowest con 
centration of enxyme giving complete destruction or 50 % destruction of the 
pcnicOhn. The latter is less easily determined especially if a biological assay 
method be the only one n4'nnable In the present expenments 100 imits/ml 
VTis the le\el of penicillin adopted but if this concentration be varied as in 
Table 6 it will be seen that a much higher substrate level than 100 units/ml is 
required m order to reach full activity of the enzyme using either the 50 or 
100 % level os an index of enzynne activity Thus at a pemciUm concentration 
of 100 unlts/mh about half as much peniciUm is destroyed by every ml of 
cniyTnc solution os at 1000 imits/ml 

Benedict dfll (1946) found that 0 003 ml of their cultiire filtrates completely 
destroy ed 100 units of penicillin in 1 ml in 4 hr at 30 and the batch used m 
the measurements in Table 6 had approximately the same nctnnty under these 
conditions ^VhendJaly'7:cdagnlnstdl8tllled water 0 0001 mg of this preparation 
destroyed 60% of 100 umts of penicillin in 1 0 ml of pliosplinte buffer gunf'/^ 

arable pH 7 0 in 8 hr at 80 hich corapana^a' 
desenbed by Benedict et al (1946) On the 
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found that some of their culture filtrates at 1/1,000,000 gave a 50 % reduction 
of penicillm solutions in final concentration of 1 unit/ml in 1 hr at 87° and 
were therefore some 25 times as active as was the preparation used m Table 6 

Table 6 The influence of the concentration of peniciUm 
on the activity of pemciUinase 

Enzyme concentration Approv enzjTne 
Penicilbn ginng complete concentration giving 

concentration destruction in 1 hr 50 % destruction in 

(units/ml ) at 37° Method 2 1 hr at 37° 

1 1/20,000 1/40,000 

10 1/5,000 1/20,000 

100 1/2,000 1/8,000 

1000 1/500 1/2,000 

6000 1/100 — 

Recently, Housewright & Henry (1947a, b) have shown that penicillinase 
actmty can be measured by following the rate of carbon dioxide evolution 
from bicarbonate solutions m W arburg manometer vessels to which mixtures 
of penicillm and penicillinase have been added In addition, these authors 
have standardized their enzyme yields biologically by two methods (a) the 
destruction of 10 units of penicillin per ml m broth in 48 lir at 37° as shown by 
the development of anthrax spores (maximum titre obtained = 1/8192), and 
(b) the destruction of 57 5 % of 50 units penicillm m 11 ml at pH 7 0 m 1 hr at 
87°, the solutions being diluted and plated (method of McQuame & Liebmann 
(1944) (titre of maximum yield obtained — 1/1400)) Under these conditions 
the preparation measured m Table 5, which had about half the activity of the 
best preparations obtamed, gave values of 1/150,000 and 1/40,000 respectively, 
indicating that it ivas at least twenty times as potent as those obtamed by 
HousevTight & Henry The destruction of pemciUmase by Fe+++ ions noted by 
these authors (between 5 and 50pmg/ml levels) has been confirmed Fe++ 
ions have a similar, but less marked action 

DISCUSSION 

There is little doubt that organisms of the mesentericus-subtilis group are the 
most potent source of stable cell-free penicillinase, and it is therefore of some 
importance to learn the conditions under which a highly active penicillinase 
may be obtamed The formation of the enz}Tne by these organisms is largely 
adaptive and would appear to depend on the presence of active substrate in the 
culture for a period of time varjung from 2 to 24 hr during, or at the end of, the 
logarithmic growth phase Since penicillin is rapidly destroyed by pure enzyme 
in the culture medium, substrate must be added continuously m order to 
produce optimal juelds Benedict et al (1945) obtained this by groivmg the 
bacteria m contact vith penicillin-producing fungi and LePage et al (1946) 
state that penicillin was added gradually to their cultures on three different 
occasions 

The value of shaking the cultures before or during the addition is clear, since 
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the grcatlj increased cell population placed m contact with substrate gives 
a higher penidllinase jddd than m those left at rest It is interesting in this 
connexion, tliat the addition of penicillin to resting cells subsequent!) sluiken 
docs not result m n great increase in the jneld of enijnme there is tlierefore no 
permanent adaptation transmissible to the daughter cells 

Unfortunately, the relation of eniymc production to lysis is by no means so 
clear LePage rt al (1040) noted a fall m the enzyme titrc of lysed cultures 
followed b) a nse 24 hr later ond odd that if lysis is observed during the 
addition of penicillin no more penicillm should be added for a further 24 hr In 
the present studies, while it was obvious that some degree of Ivsis enhanced the 
penicillm content of the medium, complete lysis was accompanied bj a fall and 
partial lysis gave the highest yields 

Mv best thonki arc due to Mr R F Hunwicke, Mr C E CouHliard and Dr R G 
Benedict, for strains used In this work. I also wish to thank Dr T Gibson for 
identifying the two strains os being B UeJifniformts and Miss Rhodes of the National 
Collection of Tj^pe Cultures for her kindness in procuring strains for me 
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The Production by Certain Species of Clostridium of 
Enzymes Disintegrating Hide Powder 

Bv D G EVANS 

National ImMutcfor Medical Research, Hampstead, London 

SUMMARY Tlie production by certain species of Clostridium of enzjunes 
disintegrating hide powder was investigated by measunng the lytic action of broth 
cultures and toxic filtrates on finely (handed hide powder suspended in an agar gel 
Cl Instolyticum iras the most active producer of enz3'Tne, Cl ioelchn A was less 
active and Cl sporogenes and Cl bifermcnians only moderately active Cl ietam. Cl 
oedcmahcns and Cl septicum produced no such enzyme The Ijdic enzyme nf Cl 
Instolyticum is not the lethal toxin 

Among strains of Cl tuelchn type A, enzyme production, a-tovin production and 
abihtj" to cause fatal infection m gmnea-pigs are associated 

There was some evidence that the different enzymes affecting lude powder are 
antigemcally related, but no definite conclusion is possible, since the antisera 
employed maj’’ have contained antibodies to the lytic enzjmies of a number of 
different orgamsms 

Maschmann (1938) claimed that Cl zoelchit elaborated an enzjmie which splits 
collagen This he named collagenase but recorded no experiments demon- 
strating its specific action Later Jennison (1945) recorded the disintegration 
of collagen fibres by enzymes produced m actively growing cultures of aerobic 
and anaerobic organisms Macfarlane & MacLennan (1945), confining their 
study to Cl zvelchii A, found that culture filtrates ivere able to break 
down muscle by their action on the collagen of the reticulin scaffolding They 
regarded the active substance as a collagenase and su^ested that it was 
responsible for the muscle destruction obsenmd in cases of gas gangrene caused 
by Cl icclchti A and thus played an important part in the pathogenesis of the 
disease The collagenase of Cl zcelchn A was shoivn by Oakley, Warrack & van 
He}'ningen (1946) to be immunological^'' distinct from the other knovm 
antigens present in culture filtrates, and Cl tvelclm A antisera contained 
a distinct anticollagenase Evans (1945f>, 1947) shov ed that the anticollageiiasc 
alone had no protective action m experimental Cl wclclm A infections, and 
concluded that although collagenase may be responsible for the muscle 
destruction observed in Cl zcelclm A infections, there was no evidence to 
suggest that it had any significant role m determining whether fatal infection 
would follow the injection of a given inoculum of Cl ivelclm A 

The strains of Cl icelclm A used in these experimental infections all produced 
collagenase m viiio, though in variable amounts Oakley el al (1946), in 
estimating the anticollagenase potenej’’ of Cl welchti antisera, obtained 
identical results using as substrate either collagen prepared from liorse tendon 
or commercial hide powder Hide powder, although not a pure substrate, is 
a rich and convenient source of collagen and was employed in the tests de- 
scribed below The disintegration of hide powder, however, is not a specific 



870 


Breakdown of hide poteder by Clostndium spp 

mdicntwn of collagcnasc notion but pro\ndca reasonable prcsumpti\e c\ idcnce 
that a collagenase is present A study has been made of the ta tnifo production 
by a number of strains of C/ iw/cMi A and by other species of C/oj/ndium of 
entyincs with abiHt) to disintegrate hide powder 

METHODS 

The production of Ivtic cnzjTiics by Cl wlcbit A was first demonstrated by 
incorporating the hide po\NdeT in the culture medium Hide powder \vns 
passed through a Bie\c 00 meshes to the inch dried o\cr PjOj in vactin for 
2 days and stcnlitcd bj dr) heat at 100® for 1 hr To 100 ml of aolinc 4 g of the 
hide-powder preparation were added and a smooth suspension obtained by 
vigorous agitation This ^*ns added to melted Fildcs s agar medium 12 % by 
\olume, and pour plates mode m which the hide powder particles were 
dlstnbuted densely and uniformly Sterilization of the hide powder was 
necessary to diminntc contaminants but it is improbable that the dry heating 
caused sigmflcant degradation of the collagen for similar results were obtamed 
with unstenlized hide powder 

After 24 hr anaerobic grov."th on this medium strains of Cl itdchii A gave 
colonies surrounded b) a zone in which complete dissolution of the hide powder 
had occurred and which increased m size after a further 24 hr mcubation 
With different strains tlie size of the zone of clearing \ aned from n faint narrow 
zone to one three times the diameter of the colon) 

The method was however unsuitable for comparing the lytic enzyme 
production of different strains of Cl wlcJitt A or for detecting lysis b) species 
of Clcsindium that grow m ^^del) spreading colonies To ob\natc these 
difhculties the amount of enzyme produced m broth cultures was titrated m 
cjips cut in non nutrient hide powder-agar plates These plates were made by 
adding 2 ml of the salme hide-powder suspension to 15 ml of melted 4 % agar 
m saline and pouring the mixture into a Petri dish Cups of 7 mm diameter 
were cut with a corh borer and the amount of enz)Tne m a culture was then 
titrated b) pipetting into each cup approximately 0 1 ml of falling dilutions of 
an 18 hr culture m rabbit liver broth and incubating aerobically at 87® After 
24 hr actncl) l)tic strains gn^e around the cup a distmct concentric rone 
complctcl) free from hide powder particle* the zone mcreased m size after 
a further 24 hr incubation, when the final readmgs were made There was no 
disadvantage m fUhng the cups with whole-broth culture, since there was no 
possibihty of the growth of anaerobes occumng on this medium Moreover 
tests made with the clear supernatant fluid from centrifuged cultures gave 
results identical with those using whole culture 

RESULTS 

Lystt of hide poxeder by Gostndium v^dchii 4 
AH the thirty strains of Cl icelchtt A which were used te'n pre^ lous inveatiga 
tion (Evans 1045 a) and which had been preserved ’ d^j^tatc in thfc 
meantime, were found to produce cnivmM disint i / 

oatj 
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zone of clearing was 25 mm m diameter with the most active strains and less 
than 10 mm m diameter with the least active The strains were classified into 
three groups accordmg to the diameter of the zone and arranged m order of 
a-toxin production (Table 1) Strongly lytic cultures were active when diluted 
1 100, but those which gave small zones were inactive when diluted 1 4 and in 
some cases 1 2 Wlien enzyme production by the thirty strains of Cl welcim A 
is compared (Table 1) with a-toxin production and the ability to cause fatal 
infection m guinea-pigs (Evans, 1945u), it is evident that there is a general 
association between these three properties 


Table 1 Companion of hide-powder eiizyme production with other 
pioperties of thirty strains of Clostridium welclui A 

Enzyme production ■+ = < 10 mm , -f + =10-16 mm , and -f -P -t- = > 15 mm zone of 
hide-powder clearmg 

a-town production figures = number of umts of a-ant)to\jn reqmred to neutralize the 
a-toxm m 1 ml of culture 

Virulence for gmnea -pigs += virulent, — =avirulent 

In vitro production of 


Stram 

Hide-powder 

enzyme 

a-tOMn 

Virulence for 
gmnea-pigs 

S107 

+ + -t 

1 60 

+ 

SR 12 

-t + + 

0 95 

+ 

A119 

+ + + 

0 85 

+ 

A117 

-t- -t -t 

0 60 

-t- 

A118 

+ + + 

0 00 

+ 

SR 9 

-t-t-t 

0 35 

+ 

Rosher 

■+-(- + 

0 25 

+ 

GSg 

+ + + 

0 25 

+ 

8898 

+ + -t 

0 20 

+ 

Sla 

-t-t 

0 20 

+ 

BB 

+ + -1- 

0 20 . 

+ 

BSl 

-H + -t 

0 20 

-t 

3895 

+ + 

0 15 

— 

26 

+ + -1- 

0 16 

-f- 

A 102 

+ 

0 15 

— 

274 

+ + 

0 10 

+ 

aiiiis 

+ + 

0 10 


7781 

+ + 

0 10 

+ 

A19 

+ + 

0 10 

± 

PL 

+ 

0 05 


5053 


0 05 

+ 

529 

+ + 

0 08 

— 

P5706 

+ 

0 03 


Corcoran 

+ + 

0 03 

— 

D5 

-t- + 

0 03 

— 

4220 

+ 

0 02 

— 

A786 

+ 

0 02 


A386 

+ 

0 02 


D3a 

-t 

0 02 

— 

A13b 

+ 

'0 02 


es of hide 

powder clearmg 

were endently produced by a 

■ since the activity of the cultures vas neutralized by tlin 

■’s Cl ivelchn A antisera in 

proportion to 

their anticollage 
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content (1) Serum 115104 contained 50 units (OaWley ft al 1910) of nnti 
coUftgenasc and 0*2 unit of a antitoxin per ml (2) scrum RQ428 contained 
75 unit* of a. antitoxin per ml but no detcctablt antjcollogeimsc ami (3) scrum 
Exl055 contained 2500 units of nnticollagcnosc and 500 units of a antitoxin 
per ml tilth each of tbc thirty strains of (?/ tcflclni A mixtures of equal parts 
of an 18 hr culture and each scrum were held for 1 hr at room temperature 
and then pipetted into the hide poirclcr ngnr-eup plates whicli were incubated 
at 87® for 48 hr Serum R(U28 had no effect on the zones of clearing pTtxIuced 
b) each of the thlrt) strains the zones urcre similar in size to those pro<luccd b> 
mixtures of culture and normal horse scrum On the other hand serum R54S4 
completely mhibited the clcanng produced b) twcnt\ -one of the strains the 
remaining nine strains, all of "which produced large zones u’cre partly neutral 
ired, 20 mm zones being reduced to less than 12 mm In diameter The more 
potent antieollagcna^ serum E.T1055 eomplctcl) neutralized the clearing by 
aD thirtj strains. 

Lysis of hide pozeder by oOier species of Clostridium 
The following strains were tested for enzyme production Cl sporogciies 
Ulf MSg M6/ Cl oedematiens Hi Jolly MlSlo bUi Cl bifcr 

menfans M74 Ml6 Ml6h M68r Mir Cl sephnim VS189 VS64 Ml6jn 
M+0/, a tetanl TC7 T270 a hxsfolyticitm CN1003 CN050 CNOID 
CNMO C\040 and a nonrpathogcnlc Clostridium with morphologicail and 
biochemical properties almost identical with those of Cl htsiolyiicum but 
which did not produce toxin strams'MSTf M55 Ml7i 
The M strains were isolated from wor "vroiinds by Mrs E M Miles and the 
CL hisiolyticiun strains were supplied bj Miss Helen E Ross of the Wellcome 
niJ'Biological Research Laboratories The strains had been preserved either in 
alkahne-cgg medmm or in the dry state, and were subcultured a number of 
times to bnng them into an actlvelj growing condition For the titration of 
cusyme each strain was groivn in rabbit liver broth for 18-20 lir 
Cultures of all the CL histolyticum strains produced rapid and complete 
‘h^solutiou of hide powder even oRer 8 hr a distinct nra of clearing was 
Visible around the cups and at 24 hr the diameter of the zone was 20 mm 
increasing to an average of 80 mra after a further 24 hr incubation The titres 
nf these cultures were os high as 1 250 Each of the fi\ e strains of Cl htsto- 
^ytfeum produced, in guinea pigs an infection showing extenEi"ve muscle 
*^^®truction which, "with the infecting doses employed was not always accom 
Polled bj the death of the animal 

Cultures of Cf. W/mnenianj Cl sporogoir# and the three Cl hutolyiicum like 
■tram* also contained enzjTncs disintegrating hide powder Their beha\ lour 
“^^er differed from that of Cl xoelcini A and Cl histolyiicum cultures 
■'Mlhough the zones of clearing at 24 hr were distinct and 15-20 mm m 
diameter the clearing was onlv partial Large numbers of unchanged hide 
parbcles were visible withm the zones, while other particles appeared 
mbeonlj slighUy affected- After a furt her 24 hr incubation the zones became 
®uipletcly clear olthougli they were not well defined. The concentration of 
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jTne m these cultures was not high, for dilutions of 1 32 had little or ito 
■Vity The low concentration may have been responsible for the slow dissolu- 
i of the hide powder, for a concentrated filtrate of Cl hfermentans culture 
duced in 24 lu- a zone completely free from hide-powder particles 
fo enziune attacking hide powder was demonstrable in the cultures of Cl 
matuns,Cl scpticum Cl tetam Two strains of each species proved to be 
ily pathogenic for guinea-pigs, so that with these organisms at least, 
dence and enzjnne production are not associated 

ome of Jennison’s (1945) results have been confirmed m this investigation 
found that cultures of Cl hiMolyticum, Cl sporogenes and Cl bifermentans 
ategrated collagen fibres and that Cl histolytiaim was the most active He 
irted, however, that Cl roelclm did not affect the collagen substrate, a result 
ch maj" well have been due to poor coUagenase production by the strams of 
toelclm he used 

Lysts of lade poiodcr by ioxie fit ales 

number of dry preparations of ammonium sulphate precipitates from toxic 
ites of various organisms of the gas gangrene group, were tested by the 
■plate method for enzjTue actmtj’- Fortj’^ mg of each toxin were dissolved 
ml of salme, ginng solutions containing many mouse lethal doses/ml 
toxic precipitates from Cl tetam, Cl oedcmaiiens and Cl sephcim con- 
ed no enzjnne which disintegrated hide pow'der, w'hereas those of Cl 
dyticnm and Cl xuelclm A produced clear wide zones m less than 24 hr By 
ition it was found that the smallest concentration of toxm showing enzyme 
nty (ji E D ) was 0 5 mg /ml with the most potent Cl tvelclm A prepara- 
and 0 004 mg /ml with the most potent Cl hxstolytciim toxin 
Lve different drj’- ammonium sulphate precipitates, prepared from Cl 
>lyttcum (I-V) in different institutes throughout tlie world, were titrated m 
llel for enzyme activity and lethal power on intravenous injection m mice 
)le 2) It IS endent from the inconsistent ratios of enzyme activitj”^ to 
city that the factors responsible for these two effects are not the same 

Table 2 Htde-jjoxvdcr enzyme activity and toxicity of 
Clostridiimi histolyticum ioa,ins 



!Mmimal enzT|TTie 

Minimal lethal 


Hislolylicum 

concentration 

dose for mice 

Ratio 

toxm sample 

(mg /ml ) 

(mg) 

»I E D V L 

I 

1/250 

1/32 

8 1 

II 

1/10 

1/32 

1 2 

III 

1/128 

1/8 

1C 1 

rv 

1/M 

1/lC 

4 1 

V 

1/128 

1/8 

10 1 


Neidralization of enzyme by antisera 

le cup-plate method was also used in an attempt to investigate the anti- 
c relationships of the enzymes attacking hide powder produced by the 
rent organisms Three antisera were employed (1) C/ tcc/c/in A horse anti- 
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toxin Ex1055 (2) the Interhational Standard Cl hisiolyticum autito’cin rc 
constituted so that 280 units of antitoxin were contamed in 1 mi this anti 
scrum vras also from a horse, and (3) Cl bifenneutans rabbit antiserum 2718 
(ililcs Miles 1947) Each scrum wis titrated for neutralization property 
with a number of homologous aud heterologous enzyme preparations Twofold 
dilutions of antlsenini v.erc made, and to each dilution an equal volume of the 
cnrjTne preparation v as nddetL In most tests the mixtures >Terc so constituted 
that the concentration of enzyme id cncli cup was eight times the smallest 
concentration which ga^e a reaction (8 M i:.d ) It wiis, however, necessary m 
some cases, where neutralization was only alight to dimimsh the concentration 
of enzyme m the cup in order to obtain on end jxnnt m the titration 


Tabic 8 NeiitraUzatwn of hide peneder enzyme by vnrioua auUaera 

The figure* Indicate the reciprocal of the berorn dilution nnd the figure* In bradects the 
ntunber of minimal enI^Tne do«ei (u e d ) used in the titration 


NeutraUxatioD tltrc* of antisera 


Eniyroe preparation 

vetkhil 

hltiolyticum 

bifermentam 

(Ex 1055) 

(IdU SU) 

(irifl) 

O lEvfeftiit Tcndn Wckhpool 

2<m(8) 

02 (8) 

<3 (2) 

Culture Hosber 

2048 (8) 

82 (8) 

<2 (2) 

Cl kist«lyilcim Toxin I 

2(4) 

MS (8) 

<2 (2) 

Toxin TI 

2(4) 

1024 (8) 

<«(*) 

Culture CN020 

2(4) 

512 (8) 

<2 (2) 

Culture CNlCOfi 

2(4) 

512 (8) 

<2 (2) 

C? biferwienUina Culture M58e 

(14(8) 

82(8) 

128 (8) 

Culture illS/j 

82 (8) 

10 (6) 

04(8) 

Cl 9pOToscne$t Culture Ml/ 

92(8) 

8(8) 

2(8) 

Culture M6/ 

32(8) 

8(8) 

4(8) 


Some evidence w'os obtamed (Table 8) of an antlgcmo relationship between 
the enzymes of the different organisms There were, however, inconsistencies m 
the results, such as the low litres of xceleJni antiserum with kistolyticum antigens 
compared with the relatively higher titres of hisiolytieum antiserum with 
ictlehn antigens, and also the Inability of the bifermentam antiserum to show 
cross-reactions with either xcelchit or htiiolyiicum antigens although both 
ttelcMt and hitiolyiicum antisera reacted with bifermentans enzyme It was, of 
course, possible that the horse antisera contamed antibodies to the lytic 
enzymes of a number of different organisms naturally produced in the animals 
from which the sera were obtained. Nothmg was known of the anti-enzymiic 
properties of the sera of the animals before they were used for preparing the 
^tiscra and there was evndence that the hxitolyticwn scrum came from a horse 
^th some experience of Cl roelchti A antigens. More was known of the 
M/mnenfanff antiserum since it was prepared in a^bbit which had received 
Cl hifermentans ciUtuTc and its greater spcdficitirmav have bet^ result 
cf this although on the other linnd it may h 
Jcgou* litre. It is dear that if the antigenic 
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duced by the different organisms were to be investigated, it would be necessary 
to prepare antisera in selected animals whose sera before immunization were 
entirely free from antibodies to enzymes disintegrating hide powder 

DISCUSSION 

From the results of this investigation it may be stated tliat the ability of 
various species of Clostridium to elaborate enzymes affecting hide powder is not 
related to the pathogenicity of the species, for both pathogenic and non- 
pathogenic organisms produce enzymes which disintegrate hide ponder and, 
furthermore, a number of pathogenic species of Clostridium show no such 
enzyme activity It is noteworthy, however, that of the pathogenic organisms 
exammed. Cl welchii A and Cl histolyticum, both of which elaborate the lytic 
enzyme, produce lesions ivith extensive muscle destruction, whereas muscle 
disintegration does not occur in lesions caused by Cl tetam, Cl oedeinahens and 
Cl septicum which do not produce the enzyme 

There is clearly an association between enzyme production and virulence of 
strams of Cl welclm A, but so far there is no evidence to suggest that the 
ability to produce enzymes disintegrating hide powder m any way determines 
virulence, which appears to depend mainly on the production of the letlial 
a-toxm (Evans, 19456, 1947) 

The part played by the antigens of Cl hisiolyiicum in infections produced by 
this organism has not been so fully investigated, but Cl histolyticum produced 
m guinea-pigs a non-fatal infection with extensive muscle destruction It is 
reasonable, therefore, to suppose that the enzyme disintegrating hide powder is 
associated with muscle destruction, and that when fatal infection occurs it is 
probably due to the lethal toxin of Cl histolyticum 

I am greatly indebted to Dr C L Oakley for supplies of Cl wclclni A antisera and 
also to RIiss Helen E Ross and Mrs E M Miles for some of the strains 
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The Ledthinase of Clostridium bifermentaus and Its 
Relation to the a-toxln of Clostridium welchit 

ELLEN JI MILES and A. A MILES 
National Jnsitiuie for Medical Heteardt JJampstead^ London 

SUMMARY Clostridium blfermentnns clobomtcs a ledtliiimsc wIUcli iuduccs 
tuibldity and curding in cnide ledtlioviteUIn preparations nnd Iij-drolyzen egg yolk 
lecithin ■mth the liberation of add soluble phosplmtc both over a pll miigo of 
5-0-0 8 vrith a maximum In the region of pU GO It docs not Induce turliidlly In 
human Bcrum nlone but docs so In the presence of ngnr gels wlilcli ccIKtiIo Uk- 
reaction o\*cr a pll range of 5 0-8 0 Tlic acU\'rtJc8 arc not dependent on the presence 
of Ca++ ions. The cnrjTne responsible appears to be a Iccitlilnasc C 
In tlie concentration a\'nllable tlie leclttUnasc liaemolyscd rabbit and mouse l>ut 
not h um a n horse, sheep or guinea pig red cells and it ^ra8 not IctliaJ on Intravenous 
Injection into mice, but Tvas slightly toxic In the sldn of guinea pigs. 

The Cl bifermenlans Iccithlnose C U antigenlcallj related to the Icdtldnusc C (the 
a toxin) of C7 icrfc/iif tliough differing from U»c a toxin in Its pll optima Imcmol^tlo 
powers Independence of Ca-^ Ions and rclatl\*e non toxicitj It |g neutralized by 
CZ. tce/cAif a antitoxm and C7 bifermenlans nntilccithlnasc behaves In a reciprocal 
manner neutralhdng tlie ledthinase necrottilng nnd Ictlial action of CL tceleJUi 
a toxin. The antigenic relation of tlie two ledthina!>es appears to be remote. 

Several species of Clostridium elaborate substances tlwt react with normal 
human serum to produce turbiditj or a curd of fatty material This rcncliun 
was desenbed by Naglei* (lOCO) for Cl velchn tj 7 >c A m this ense it is dut to a 
lecithlnase apparentl> identical wnth the a toxin of that species (Macfarlanc, 
OaUc) A. Anderson 19il Macfarlanc Knight, 1941 xanHt^ningcn 1941) 
and the lecithlnase is specificall\ inhibited bj a antitoxin The reaction may 
also be obsen ed lo plate cultures on agar containing human serum a wine of 
turbiditj develops round the growing colony (1948) ricMscd the 

plate reaction for the identification of Cl xcclchii in mixed cultures half the 
plate being impregnated with Cl Tcelckii antitoxin to distinguish Cl vceleUii 
from other Nagler reacting organisms Inhibition b> the antitoxm was not, 
however full) specific for the zones produced b> Cl bifermenlans Cl sardelln 
aad a cerdrotporogenes unlite those of other Nagler reacting bacUli were 
wbstantiallv neutrabzed b\ the antitoxin. Indeed, the inhibition by CL 
mlchn antitonns of a Nagler zone round colonics orreadily sponng anaerobic 
bacifij proved to be a useful prelimmarv identification of Cl lafermeutans m 
mixed cultures from wounds. 

Most strains of Cl btfcrmnlam are neither toxigenic nor pathogenic to 
laboratorj ..n.mal. vet thes appear to elaborate a lecithinascJAc suhsUnce 
that IS related antigenicalls to the mam toxm of CL mUhtt The snbstance 
innted mvestigahon, not least m the hope of fflummatmg the relation of 
lecithlnase actmts to toxicitv m the i loim of Cl 

Onr results stronglv suggest that the Nagler -r^^ce of t 

Infermejtians is m fact a lecithmase, and it iifn b* -of 

the outset. 
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MATERIALS AND METHODS 

Crude bifermentans lecithmase {BL) Strain M58a of Cl lifermentans, 
isolated from a war wound, was selected for its strong Nagler reactivity on 
human serum plates With egg-yolk extract as prepared by Crook (1942) as 
indicator, and 5i/15-borate buffer pH 7 2, no lecithmase was detectable m 
cultures of M5Se m ox-heart extract broth, cooked meat medium, or Brewei’s 
(1940) medium A lecithmase was produced in Macfarlane & Knight’s (1941) 
glucose peptone muscle-extract medium, and m rabbit liver broth (McLeod, 
J W , personal communication) McLeod’s broth is a meat-extract broth to 
which about 10 % of parboiled minced rabbit liver is added before the final 
autoclaving It was chosen for lecithmase production because anaerobiosis is 
achieved m it without excluding air from tlie container The lecithmase 
produced was optimally active between pH 2 8 and 4 5, and was resistant to 
100° for 10 mm This proved to be a mixture of the bifermentans lecithmase 
with another lecittunase-hke substance, and unmoculated McLeod’s medium 
also proved to contain a heat-stable substance of the same kmd capable of 
curding yolk extract It was apparently released from the fragments of rabbit 
liver during sterilization by autoclaving, for a similar substance was obtained 
from parboiled mince of rabbit liver Macfarlane & Knight’s medium, being 
free from lecithmase in the unmoculated state, was therefore adopted for 
lecithmase production For bulk preparation, the broth at 87° was seeded with 
one-twentieth of its volume of a vigorously growing 24 hr cooked -meat 
medium culture of M58e Lecithmase production ivas maximal between 8 and 
18 hr at 87° The culture was usually harvested at 18 hr , partly cleared by 
centrifugation and filtered through a Berkefeld candle The filtrate, which 
contained from 16 to 82 arbitrary lecitlnnase umts/ml (see p 887), was con- 
centrated fourfold by dialysis agamst glycerol in cellophan sacs, and the 
glycerol partly removed from the concentrate by subsequent dialysis against 
sahne The residual glycerol, left as a presenmtive, had no effect on the leci- 
thmase activity, except slightly to enhance the rate of formation of the curd m 
yolk extract 

The most concentrated preparation, contammg 1024 arbitrarj'- units/ml , was 
made by Dr E S Duthie by pressure dialysis of Berkefeld culture filtrates m 
Visking sausage casing, followed by dialysis against distilled water for 24 hr 
at 0-4° and preserved with toluene These preparations were stable for several 
months at 2° Bifermentans lecithmase is symbolized m the text as BL 

Cntde welchii lecithmase (WL) In all, three different preparations of crude 
culture filtrates from Cl welcJm type A were used, each from a different strain 
of the organism They were concentrated by dialysis agamst pure glycerol at 8 
Wekhn lecithmase is symbolized in the text as WL 

Titrations of bifermentans and welchii lecithinases [BL and IVL) Lecithmase 
activity was titrated m 8x1 cm tubes at 37°, they contained four 0 25 ml 
volumes of reagents BL or ^YL preparation, 0 85 % saline or antiserum diluted 
m saline, M/15-acetate buffer pH 5 1. >olk extract (Crook, 1942) With ucak 
solutions of BL, a faint turbidity developed m 3-4 lir , and curding was com- 
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plcteatlSHr The end point as not sharp, o\ era four lo eightfold range of 
dlmmishing concentration the reaction at 18 hr declined from a tiuck eiird 
floating on a clear subnatnnt fluid, through lesser eurds on n turbid fluid 
general flocculation to faint turbidity This gradual dose rcsjxinse vms, lio^v 
ever relativclj constant. 

With IVL moxunura titrcs wre obtained at 0 hr , tlic titre ^vtis not signi 
flcantlj increased at 18 hr The dose response sliaqicr, the 0-]00% 
reactions being co\ered in a twofold range of concentrations 

The imit of Iccithinase (the BL and the MX unit) m both eases was nrbi 
tranl} defined as the smallest amount ^\hich, In the titration mixtures described 
abo^e, would produce complete separation of the curd m 18 lur at 37®, c g 
a lecithmasc preparation of ^hichO 25 ml produced a full curd at 1/10 contains 
04 units/ml Our MX unit corresponded approximatelj to 0 1 mouse >r l d of 
toxin and to approximately one-twentieth of Slncfarlanc Kniglits (1941) 
arbitrarj Iccithmase unit (see Table 8) In some simultaneous titrations it^s-as 
more convenient to use as end point, not complete curding but the smallest 
visible trace of turbiditj in )olk extract Owing to the dilTcrcnt dose responses 
to BL and MX, these end points, though m each ease constcntlj related to the 
unit arc not directlv comparable m terms of units 


PROPERTIES OF THE CLOSTItWIUM DIFEI^^^£NTA^S LECITHIN ASL 

Leatkuiasc adrvtly The concentrated brotli flltrates from Cl bifermentaiu 
acted upon ^X)lk extract human serum and solutions of egg yolk IcciUiin In 
all three eases the activity was neutralized b\ specific antiI>od) and the 
reaction was not inhibited b} the addition of neutralized 0 01m jiotaisjum 
h\*drogen oxalate 


Table 1 Tilret of a bifcnucntans UciVunase conetnlrale [BL) 
at different pH values 

loIL extract In M/I5-«cctatc barbttoralc bnUer sutrttrate. 


pH 

BL trtre 
(aart» mL) 

pH 

BL Utre 
(tmH« mL) 

3-0 

3 

0-8 

wO 

42 

3 

"3 

15 

6-2 

40 

8 I 

3 


3 ott fJlrarf Tnrbidin and finaUx curding were produced at pH i-O-'-H 
'nth an optimum b^trc«n 5dJ and 6-4 O'. We 1). Tho vult ira, 

"v«aTanKeorpH8 5-«5 provided that th-mo!ar^ of the buffer, ™o-J o- 
fci,. At tL m^tr however thewrtems (bomf^l^le, aeclale 

Wbitumte, pbthalate, phmphafc. eIvcme-^aa^ meffectrve m varrmg 
'degrees m buffering BL and HL concentrates- 

and to a lesser extent against voDreodraet-v 

^5 For determmmg pH oplmu'- these reag® 
denred pH with HO or ^aOH solutions, an c 
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cases the pH of the mixtures Avas checked colonmetrically immechately after 
mixing, and when the reaction Avas complete At pH values of over 5 0, 
curding was accompanied by a shift toAvards loAvcr values The buffer effects 
Avere largely independent of the buffer salts used, M/15-acetate proved most 
convenient for general use, and for routine titrations buffer at pH 5 1 Avas 
employed 

In the absence of added buffer or m the presence of inefTcctiA'c buffers like 
ji/15-borate pH 7 0, curds Avere produced by strong BL concentrates in mixtures 
Avhose overall pH was m the region of 7 0-7 5 It is possible that the acidity 
developing during the initial breakdown of Iccithovitelhn provided at least 
a sufficient local concentration of hydrogen ions for the reaction to proceed 
Human serum and the action of agar gels Unlike ^VL, BL produced neither 
turbidity nor curding m human serum at 87°, whether buffered at pH 5 1, 5 0 
or 7 2 Avith acetate buffer, or unbuffered in saline But Avhen strong BL Avas 
held at 87° m cups cut out of unbuffered 4 % agar containing 20 % (v/v) human 
serum of pH 7 5-8 5, a marked turbidity developed to a depth of several 
millimetres m the agar round the cup This striking contrast behv een tJie results 
of a tube and a cup-plate test depends on the presence of agar A concentrated 
gel is not required, for example, a fluid mixture containing 20% (v/v) human 
serum and 32 BL units /ml at pH 8 4 remained clear for 24 lir at 37°, Avherens 
in the presence of 0 15 % agar a marked turbidity developed m 2 lir , and 0 8 % 
induced marked curding m the same period The effect was peculiar to BL Tlic 
same concentration of agar did not materially enhance the action of IVL on 
human serum at pH 7 2, presumably because WL at this pH Avas acting AVithin 
its optimal range The gel did not adsorb inhibitory substances from the serum, 
and the activation Avas not due to soluble substances present m commercial 
agar, for the supernatant human serum left after centrifugation of scrum-agar 
gels that had been held at 37° for 3 hr Avas as insensitive to BL as untreated 
human serum It Avas possible also to speed up the reaction in yolk extract 
Avith agar, but the yolk extract Avas to a large extent unstable in its presence 
We have not investigated the agar effect further, it aviII probably prove to 
depend on adsorption of one or more reactants or products of the reaction to 
the surface of the agar micelles m the gel 

Curding of yolk extract and the development of turbidity in human scrum 
agar are both manifestations of BL activity, for the potencies of several BL 
preparations titrated against the two indicators ran strictly parallel 

Lecithin Dr H J Rogers compared the BL concentrate containing 1024 
units/ml AVith a Cl welchn filtrate rich m a-toxm (WL) and reports as folloAvs 
Broth preparations liberate acid-soluble phosphate from egg yolk lecithin 
]\Iacfarlane & Knight’s (1941) metliod was used, except that the BL hydrolysis 
Avas conducted at pH 6 0 Anthout added Ca++ ions Though hydrolysis by BL 
did not proceed as rapidly as tliat by WL, the type of Iccithinasc breakdoAvn 
appears to be the same in both preparations (Tabic 2) The pH optimum of the 
BL IS very broad, ranging from 5 0 to 6 1 Avith a maximum m the region of 
6 0 The amount of phosphate liberated at pH 7 0 aa'es about half that liberated 
at the optimum pH 
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BL IS not activated by Ca++ ions the df^ree of h\ drolysis was the same wth 
(fl) no added Ca++, (6) 0 01 Ji-Ca++ added and (c) 0*0111 neutralized potassium 
hjdrogen oxalate added MTL, on tlie other hand was complete!) inhibited by 
the addition of tlie 0 OlM-oxnlatc. 

Table 2 Lxhtmtlon of jihotphate from Jetxthin by concentrated filtrates 
from Gostndlum bifermentans {BL) and G wclchu (IPL) 

Add'solublo I ia h 3 rdrol 3 rcato 
(rag /lO ml ) 


Time 

BL 

WL 

15 mtn 

(HIJC 

0 200 

80 min 

0^0 

0-898 

100 min 

0 IBB 

— 

880 min 


— 

18hr 

0-421 

1 258 


Defining the umt of lecithmoac activitj as the amount of enzyme which will 
liberate 0 1 mg acid soluble P in a defined mixture in 15 mitu at 37® the 
IVL/BL ratio of acli>ntics Is much smaller tlian the ratio of yolk extract litres 
(Table 8) The relatively greater activity of BL m > oik extmet might be due to 
other enzymes Proteases, for example, can produce turbiditj in >olk extmet 
(E S Duthie, personol communication) and the BL proved to contom a pro- 
tease highly active against egg yolk proteins But the addition of a filtrate 


Table 8 The rthUve adwtUes of concentrated filtrates from 
Gostndlum bifermentans [BL) a)id G welchii (IPL) 


Unita 

LectthInftK unIts/mL 
placfftrknc * Knlgbt 1041) 
'Volk extract uaJla/mL, 
(MUe* & amei) 

Moirte M.1..D (Intravenous) 


PreporaUon 


r 

BL 

\\L 

Ratio of 
aotlvttlea 

pH 0-0 

0 W 

500 

&4Ssl 

pH 7-0 

e 0-25 

c 500 

2000:1 

pH 5 1 1 hr 

24 

8,000 

SSBil 

pH 6 1 18 hr 

400 

12 000 

80:1 


<1 

1>200 

>1200 1 


from Cltromohaeierium prodtgiosnm highly active in digesting casein to graded 
dilutions both of BL and AATj did not increase the yolk extract titres though 
significant proteolysis of the egg yolk proteins was demonstrable in a control 
mixture of prodigiosum filtrate and yolk extract The discrepancj m the 
lecithin and j^olk-extract ratios is more probably attnbutablc to other factors 
Por example, if the bfermentans lecithinasc were more stable than tlie icelchn 
lecithinase m high dilution the jolk extract litres of BL at 18 hr would be 
disproportionatelj high or dirferent degrees of substrate-enzyme dissociation 
or of inhibition bj end products of the reaction might account for differences 
in the rates of appearance of curds m ^olk extract after an orbitranlv aclectetl 
period of hj-drolysis at 87 
It may be concluded that the turbidity “ 
of n CT bifenneniant filtrate (BL) results 
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that IS, a lecithuiase of the same iype as tliat formed by Cl xvclcht) but that the 
IS lu" 'v oik cvtract titres arc probabl\ gross o^ ciestimatcs of the curMuc 
potency of BL, as compared nith WL 
Siobihiy Both gb cermated BL and concentrated prcssurc-diab zed j^rc- 
parations retained their actn ity against j oik extract for over 6 months at 2° 
The cnzvme is comparatively heat stable A preparation contaming ]2S BL 
umts/ml lost 50 % of its actn ity on heating to 100° for 10 mm at pH G 5 
IModerate degrees of shaking do not aflcct the cn7^^ne, but it is susceptible to 
oxidation, a veak solution of BL (8 units/inl ) nas not allccted b> 2 hr 
^ igoroush bubbling Nj but lost 50 % of its actn ity on exposure for 2 hr at 
room temperature to 1/150 20 \ol HjO, 

The follov mg antiseptics v ere added to BL (32 umts/ml ) for 24 hr excess 
of toluene and chloroform, 0 25% formalin, 0 5% phenol, and 1/10 000 
niertluolatc None had anv significant efiect on the BL titre of the preparation 
BL may be Jlrcser^ cd for sca eral months at 2° under toluene mthout loss of 
actn it> 

Haemolysis BL preparations at pH 7 0 containing 250 umts/ml v ere tested 
against 5% (%oluiue of packed centrifuged cclls/\ol salmc) human horse, 
sheep, rabbit, gumea-pig and mouse red cells No haciuolvsis uas seen after 
2 hr at 37° and o\ ernight at room tcinpcraturo, excepting m the rabbit and 
mouse cells, 50% of uhich vcrc lysed b> a final concentration of C4 BL 
umts/ml The hsis was inhibited bA' Cl xcelcltii a-antitoxin The hacniohsis 
obscrA ed on horse blood agar plates round colonics of Cl bifi rmciifaits does not 
appear to be due to the leeithinase, for not ail Iccithinasc-producing strains 
arc haemoh tic, and the hncmol3'tic actn itA of lecithinase-produccrs is not 
affected bA strong anti-lecithinasc sera 

Toviciiy BL AAas nou-toxic to mice bA the intraA'cnous route m doses 
corresponding to 512 BL units aaIucIi arc cqunalcnt to about 0 5/lccitlunnsc 
units of Jlacfarlaue & Knight (1941) and, on this basis, cquiAalcnt to 0 5 ml 
of Cl xiclchu toxin at pH 7 0 Doses of 100 BL units m 0 1 ml produced no 
more tlinn a transient infianunation on intiadermal injection in nibbits and 
guinea-pigs Aihereas the corresponding amount of Cl xvelchu a-toxin, m terms 
of iMacfarlane & Knight’s units produced a marked mnnninintor\ lesion a\ ith 
central necrosis The simultaneous injection of 1/50 000 ndrciialuic to jircAcnt 
dispersal of the injected material (Slason 193C) enhanced the skin toxicitv of 
this dose of BL, after 24 lir lesions A\erc on the aAcrage 12 mm in diameter, 
slightly inflamed Aintli a central AAlutish area 5 mm m diameter, aaIucIi became 
scabbed m 3 daA s, the inflammation aabs sigiuficaiitK' diniimslied aaIicii the BL 
AAas mixed AAitli strong a-antitoxm before injection 

In summarA', BL is a leeithinase diflering from the HX m rate of In drolj tic 
action 111 its pH optimum, independence of actuation bj Cn++ ions, and 
relative non-toxicitA for experimental amnials (Table 3) Its actn itA can be 
titrated by the deAclopmcnt of turbiditv m jolk extract or in human scrum 
agar though the relation of titrc to degree of In droh sis of lecithin diflcrs sub- 
stantially from that of Cl icclclni leeithinase Like HX BL is a leeithinase C 
Its antigenic relationship to "WL is discussed m the folloAnng section 
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THE HBtUNOLOGICAL RELATION OF CL DIFERMENT 4NS 
LECrrinNASE and cl ELCIIIJ a TOXIN 
The anti BL potency of thcnipentic Cl wlchii antisera used in Nagler tests is 
roughly proportional to their a antitoxin content (Dr Nancj J Hayward 
personal comnmmication) Horse antitoxins also contain antibodies to other 
antigenic components of C/ TcrZcftu, and to otlier bacilli These antibodies may 
have been induced naturally, or as the result of the various inoculations to 
which the liorscs arc subjected. Consequently in such heterogeneous antisera 
the only reliable indication tliat the anti BL and anti action is due to the 
same antibody is that the anti BL anti \VL ratio of potencies should be 
constant m a large number of sera from dilTercnt animals for it is unlikel} that 
two antibodies Avould be present In the same relative concentration m the sera 
of a number of horses 

Source of the antisera 

Cl Tvelchtt In all twenU four horse antisera containing Cl tcelchn a anti 
toxin were tested. They were mainly single bleedings each from a different 
horse and most of them were* nathe (i e. unrefined) The results with antisera 
refined either by aramomum sulphate precipitation or partial proteolytic 
digestion or with a few nati\o sera dnetl and reconstituted did not differ 
significant!) from those obtained with nati\c sera 

Cl bifermentans Rabbits were selected whose sera contained no detectable 
anti AVL or anti BL activity The) ^eccl^ed a thnee weekU intrapentoneal 
injwtion of 2 ml ofaTlir Ihnng culture of Cf bifermentans containing about 
fiO BL units. The living culture produced no dl-cflccts After two -i-wcekly 
courses weak sera were obtamed of which 1 ml neutralised 40-fiO BL units 
An attempt to improve the antigemcit) of the weak BL preparations by alum 
precipitation was unsuccessful Several montlis later the same rabbits received 
SIX to nme thnee weekly Injections of a concentrated BL contaming 2000 units 
Sera harvested 7-10 days after the last Injection neutralued 5000 BL units/ml 

Precipitin lesU 

The strong Cl hifennentans ontilecithmose sera reacted strongl) with BL 
preparations, giving a typical zone of specific optimal precipitation m a 
constant-antibody titration they failed to precipitate "WTj Strong CZ xceldin 
antitoxins precipitated AVL but not BL 

Titration of lecilhinase sera 

(o) Against growing plate cultures Falhng dilutions of antisera were in 
corporated m Petn dishes of Fildcs 8 ( 1020 ) medium containing 4 % agar The 
plates together with a control containing normal serum were seeded with four 
strains of CZ blfertnentans and of CZ ujeldni each in one spot The end point 
WHS taken as the full neutralisation of the Nagler zone round growing colonies 
after 24 and 48 hr incubation. Estimation of the bifermentans end points was 
compheated b) the presence of faint unneutralized zones of turbiditj Ten 
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horse sera, whose a-antitoxin content ranged from 0 to 4800 i u /ml were 
eompared with normal rabbit serum in this way Only two strong a-antito\ms 
neutralized the BL as well as the zones, givmg anti-BL anti-'^ATL ratios of 
1 16 and 1 64 The method was abandoned, partly because high concentra- 
tions of antiserum could not be achieved in the agar, and partlj’^ because the 
amount of lecithmase produced by a growing colon}’^ was not a satisfactor}' 
standard against v hich to measure the anti-lecithmase potency of the sera 

(6) -Against yolk extracL tn tubes Falling dilutions of antisera in 0 25 ml 
were mixed with 2 BL or 2 IVL umts in 0 25 ml and held at 37° for 30 mm , 
0 25 ml of 3i/15-acetate buffer pH 5 2 and of jmlk extract were added and the 
result read after 18 hr at 37° 

The dilutions of the test sera were made as accurately as possible Taking the 
appearance of CA'^en slight degrees of turbidity as evidence of lecithmase 
actmtj^, the neutralization of 2 BL units was far from sharp, rising from 
0 to 100 % OA'^er a 82-fold range of serum dilutions (see Table 4) 

Table 4 The neutralization of BL and JVL tn constant 
proportions by Clostridium welchii antitoxin Si 

(t), t, t+, t++= degrees of turbidity, trace to marked opacity, 1-*^= visible flocculation 
C3, C4, etc = floating curd and its thickness in mm 18 hr readings at 37° 


EDzjTiie 

preparation 




Dilution of a-antito\m 





1/20 

1/40 

1/80 

1/160 

1/320 

1/040 

1/1,280 

Control 

BL 2 umts 

0 

(t) 

t 

t+ 

t+ 

t+++ 

C3 

C4 

BL 1 unit 

0 

0 

(t) 

t 

t 

t+ 

t-H- 

C8 

BL ^ luut 

0 

0 

0 

(t) 

(t) 

t 

t 

Cl 


Dilution of a-antito-on 



r 

1/500 

iA,ooo 

1/2,000 

1/4,000 

1/8,000 

1/10,000 

1 

Control 

IVL 2 units 

0 

0 

C8 

CO 

CO 

CO 

CO 

MTL 1 unit 

0 

0 

0 

C3 

CO 

CO 

CO 

MX i umt 

0 

0 

0 

0 

C8 

C4 

C4 


Nevertheless, defining the end-pomt as the highest completely inhibiting 
dilution repeated titrations vnth a given serum gave consistent results, and 
neutralization occurred m constant proportions of lecithmase and antileci- 
thinase, as m Table 4, which records a result typical of six Cl welclm antitoxins 
But though with a given serum the results were consistent, the range of the 
0-100% response, and particularly the pomt within the range at ivhich 
curding appeared, varied with each serum tested Thus for antiserum Sim 
Table 4, the range was 32-fold (1/40 to 1/12,800) and curds were formed over 
a twofold range (1/640 and 1/1280) With antiserum SlO (Table 5), the range 
was also 32-fold (1/80-1/2560), but curding took place over an eightfold range 

(1/300-1/2560) In contrast the neutralization of 2 "WL units V as sharp and 

the dose responses similar 

With the SIX antitoxins, the anti-BL antl-^^X ratios lay at random betucen 
1 25 and 1 400 (Table 5 (<?)) irrespective of the antl-T^^L potency of the sera, 
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or of then- state, i c native or refined Repented titrations with another pre 
pamtion of BL gave substantially the same results but tnth ten native anti 
toxins included at the same time (Table B (6)) the ratios all lay between 1 20 
snd 1 80 


Table 5 Tube (ifrafioii* nf Clostndium welchii a-nnWorin* 
egaOist 2 SL and 2 ITL umts 


Titre* 18 hr 

Redprocttl of anU«njm dilution 


CT tcffcAlt 

anti BL 

-* V Ratio 

anti 1 \Tj anti BL anti 

(fl)Sl 

20 

1000 

1 JO 

SIO 

40 

2000 

1:W 

GW r noo/M 

10 

4000 

1 400 

G\VJ« 401 

an 

4000 

1 400 

K17 

40 

1000 

I 25 

G G (Toronto) 

10 

2000 

Ij200 

(b) 511 

10 

400 

1 40 

S12 

20 

400 

1 20 

S18 

20 

BOO 

1 40 

su 

10 

400 

lt40 

S15 

20 

BOO 

1 40 

310 

20 

BOO 

1 40 

817 

20 

400 

1 20 

818 

40 

BOO 

ll20 

810 

10 

BOO 

1 BO 

S« 

10 

400 

lt40 

It will be evident that the vanatlons of dose response in 

the anti BL 


titrations and the diQlculty of estimating the 0 % ncutmlizntion end pomt 
could produce widdv a orying mhos even though the tvnti BL and anU \VL 
effects vreTe due to the same antibody B> analogy wlh titrations of anti 
tonns m animnls sharper dose responses should be obtamed bj using a larger 
amount of BL m the titrations, and this proved to be the case ■mlh strong 
antisera Tlic method iras however inapplicable to all the sera because the onti 
BL litres of the sera were so low that neutralization of concentrated BL would 
taken place only in neat or I ft serum i c, dilutions in which non specific 
^terference with curding of yolk extract may occur In the hope of obtaining 
aharper end points with stronger BL and >ct nwiding non specific mhibition 
^ plate method of titration 

(c) human strum tn cup plates Mixtures of equal volumes of anb 

dilutions and WL or BL were held at 87® for 80 min. Holes 7 mm m 
^h^eter were punched m plates of 4% agor in unbuffered saline containing 
^ of a itronglj Nagler reacting human serum these were filled with 
Od ml of the reactmg mixtures After 20 hr at 87 the end pomt was taken 
the smallest dilution of serum complctdv neutralizing the zone of turbidity 
the cup 

^olk extract can replace human scrum but serum is preferable, smee the 
initiaU\ more transparent. In human serum agar the non-spcciflc 
1 ition observed in tube reactions with native undiluted normal horse o 
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rabbit sera did not take place, or was minimal, the width of the turbidity zone 
was sometimes dimmished by 0 5 mm , but its intensity was equal to that 
round the control cup 

As m the tube titrations, for a given antiserum the proportions of lecitlnnase 
and anti-Iecithinase in just neutral mixtures was constant for an eightfold 
range of lecithmase concentration Good zones, 3-5 mm in width, were 
produced by preparations contauung 8 WL units or 82 BL umts/ml With the 
proportionally larger dose of BL, the neutralizing end-pomts were much 
sharper, and the estimated anti-BL potency of the sera greater than those 
obtamed by tube titrations The antiAVL potency measured m the cup-plates 
was slightly higher For these reasons, and because different amounts of BL 
and WL were used, the cup-plate potency ratios are not directly comparable 
with the tube potency ratios 

Twenty ioelcJm antitoxms, including the sixteen listed m Table 5, Avere 
titrated against equal %’-oIumes of IVL and BL, 16 and 64 umts/ml respectively 
The distribution of anti-BL anti-WL ratios is shown in Table 6 Havmg 
regard to the fact that the titres were obtamed with twofold dilutions of anti- 
toxins, the similanty of ratio for all the sera tested provides substantial 
evidence for the neutralization of the two lecithinases by one antibod)'- 

Table 6 Ciqj-plate Uirations of Uoeniy Clostridium welchii x-ant 2 tomns 
against BL and WL the distribution of anti-BL anti-WL ratios 

Ratio No of 

onti-BL tintiAVL antitoxins 

125 2 

14 8 

15 0 

1 10 G 

In cup-plate titrations, the anti-BL anti-IW ratios of four strong rabbit 
Cl bifermcntans anti-lecithinase sera were 8 1, 10 1, 16 1 and 16 1 Since all 
the rabbits were free of antilecithmase before immunization, the fact that the 
antisera neutralize both lecithinases establishes that the a-toxin of Cl wclchn is 
related to some antigemc constituent of Cl bifermcntans, and the similarity 
of the ratios suggests that the constituent is its lecithmase 

The antitoxic properties of Clostridium bifermcntans antilecithmase 

The most forceful proof of the antigenic relation of BL and ^^X lies m the 
fact that bifermcntans antilecithmase sera neutrahze the necrotic and lethal 
action of Cl ivelehn a-toxm and that immunization with BL confers an active 
immunity to the a-toxm Two Cl loelchii toxins, one a glycermated concen- 
trate (290), the other a dried toxin precipitated from filtrates by ammonium 
sulphate (Welchpool) were used Table 7 summarizes the passive protection 
tests in 18-22 g mice Equal volumes of toxins and antisera vcre held at 
room temperature 8-4 hr , and injected intravenously in 0 4 ml doses Neat 
anti-bifenncntans serum 2737 neutralized about 4 LDm of the Welchpool toxin, 
and diluted serum was proportionaUy active Two other anti^bifermentans sera, 
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2717 nnd 2730 ncutmlitcd toxin 200 and tliclr cfTcct vras proix>rtional to their 
anti BL titres, wlucli ■were m the ratio 1 2 T^vo normal rabbit sera, nnd four 
other control rabbit sera, antisera to Proints viilgans and DructUa incliientj8 
were not antitoxic. In ^ lew of the consistcntl> sharp dose response of mice to 
these prcpamtioiis of a toxin (D G E\nns, iicrsonal communication) these 
results arc significant. 


Table 7 The protedive action o/ Clostridium bifermentans aniilcctilmioje 
agatntl Cl wclchn a-toxiu injected viiravcnously tn mice 


llabblt tcro 


Tendn 

Ct toc/eftti fWeldipool) 


CLrccUtiH (200)5 dJluUon 
of glyccroi coocentrate 


UiferKcnUniM antUedtUlnnsc 





— *• — 


Nomml 

Doso of 

1/1 


1/2 

XU 

1/1 

toxla 


No 

of mice dying/group 


1 000 mg 

1/0 


8/3 

0/3 

3/3 

0 750 mg 

0/3 


0/3 

3/3 

3/3 

0 075 mg 

0/3 


0/3 

1/3 

3/3 

0-187 mg 

0/3 


0/3 

0/3 

-/a 

0-003 mg 

0/3 


0/3 

0/3 

0/3 





llobbll t>cm 




2717 


J700 

Nonnol 



1/1 


1/1 

1/1 



No of mice djin^group 

1/20 


3/3 


2/3 

— 

1/10 


2/3 


0/3 

— 

1/80 


0/3 


0/3 

3/3 

1^00 




— 

0/3 

1/320 


— 


— 

0/3 


The btfermentanM antilecithioase sera 2717 nnd 2718 and normal rabbit 
scrum irere each mixed wiUi equal volumes of graded dilutions of the toxin 
(290) and, after standing at 87^ for 8 lir 0 1 ml of the mixtures were injected 
Intradennally m four 200 g guinea pigs The average reaction after 24 hr to 
1/100 toxm was an inflammatory area 22 nun m diameter with n central 
whitish necrotic area 8-8 mm m diameter, and to 1/400 toxm n slightly 
mflaraed area 10 mm m diameter The normal rabbit serum did not modify 
these reactions significantlj but with boUi antisera the reactions to a mixture 
ofl/100 toxm and antilecithmose were equivalent to those of 1/400 toxm alone, 
indicatmg a four fold reduction in tcxicity 
Active cross immumtv was determmed m two of the rabbits 2717 and 2719, 
u«d in the preparation of the C/ bifermentans antiscnu They were each gi\cn 
a boosting dose of 1024 BL units mtrapcntoncaUy and 8 weeks later, when their 
Mra neutralized rcspechvely 1280 and 820 BL units/ml thej were depilated, 
and graded amounts of Cl tcdehii toxin (Wclchpool) m 0 2 ml were injected 
intradcrmalK Two normal rabbits of about the same weight were also Injected 
Using either tlic overall area of gross oedema and mmation or thc,.ccntral 
0*13 
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area of necrosis (Table 8) as a measure of toxicit}^ it was strikingly e^ idcnt 
after both 1 and 2 daj^s that the rabbits immunized -with BL were protected 
against the Cl tvelchn a-toxm 

Table 8 The active immunization of rabbits 2717 and 2719 by Clostridium 
bifermentans Icciihmase {BL) against Cl welchii a-toxin Inhibition of skin 
necrosis 2 days after intradermal injection of toxin 


Dose of Area in sq nun of skin necrosis in rabbits 


^Yclchpool toxin t — 



A 


(mg) 

2717 

2719 

Control 1 

Control 2 

2 000 

10 

34 

205 

490 

1 000 

10 

18 

173 

205 

0 500 

— 

8 

105 

94 

0 250 

— 

— 

93 

55 

0 125 

— 

— 

04 

50 

0 003 

— 

— 

39 

20 

0 031 

— 

— 

— 

— 

0 010 

— 

— 

— 

— 


A dried preparation of Cl sordelln toxin, which proved to contain about 
33 BL units/mg , nas tested to ascertain the independence of its lethal action 
and lecithmase activity The toxicity was not affected by normal rabbit scrum, 
Cl icelchit a-antitoxm (4000 i u /ml ) or by a bifermentans antilecithmase con- 
taining 5000 anti-BL units/ml (Table 9) 

Table 9 Absence of protective action of Clostridium bifermentans aniileci- 
thinase 2717 and Cl velehii a.-antitoxin Si against Cl sordelhi tovin 

Serum 

, ^ ^ 

Normal Anti- Anti- 

jyTjj rabbit bifermentans tcclchn 

No of mice d j ing/group 

Jt 

3/4 3/3 3/3 3/3 

2/3 3/3 2/3 3/3 

0/3 — — — 


Sordelln 

toxin 

(dose in mg ) 

0 020 
0 010 
0 005 


DISCUSSION 

The serological exndence that both in Cl welchii cc-antitoxms^ and in Cl 
bifermentans antilecitlunasc sera one antibody is responsible for neutralizing 
the tv o lecithinases has been presented at some length It v as not practicable 
vith the material at our disposal to perform complete ‘mirror’ tests vith 
antisera to the tvo lecithinases prepared ad hoc For the exploration of Cl 
wclchii antisera ve had to rely on the less satisfactorj method of analysing 
heterogeneous horse antitoxins, x\hich proAndes onlj indirect cMdcncc of 
antigenic similarity This proved to be difficult, for v.th certain sera the tube 
and cup-plate titrations, and consequently the ratios, were not consistent TJic 
inconsistency laj chiefly in the fluctuation of the anti-BL titrcs in the tube as 
compared xnth those in the cup-plate In the cup-plate, the substrate is 
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reached onl> bj diffusion of the cniyme-antisenim mixtures into the agar gel, 
it IS probable tliat free cnxjTiic in such mixtures dlfTuscs more rapidU tlion 
cnxyme-ontibody complexes, ^vherca8 in the tube, the substrate is m contact 
vnth, and perlmps competes vnth the nntilx>d> for the enz>mio dunng the 
Incubation of the mixtures As the result of some unpublisbcd cxi>criments on 
the inhibition of nntilceithinasc sem by the addition of the }olk extratt 
indicator at varjnng intervals after mixing Iccitlunasc and antiserum we 
concluded that competition occurred l>oth with BL and and m a recent 
paper Zamccnik A- Lipmann (1047) hA^c clearly demonstrated such com 
petition in Cl welchu Iccitlunasc antilccithinasc sy'stcms It is significant tliat 
the discrepant titrcs occurred only in the heterologous s^!»tcm — a Cl xceldiit 
antibody and a Cl btfrrmentaii^ antigen — and may lie attributable to uide 
variation* in a\nditv of the antibody for heterologous antigen variations 
vrhich are minimixcd in tlie peculiar conditions of the cup plate ^Vhatevcr the 
explanation of the difference, we have accepted tlie cu]) plate litre as a truer 
measure of the combining power of the antitoxins because end points \\crc 
measurable with greater accuracy and non specific inlubition of curding b\ 
undiluted and moderately diluted sera \Nns minimal Morco\cr the evidence of 
the more consistent cup plate ratios accords with the direct cv idcnce that 
known hifcrmenla\is antilecithmosc neutTalize<l the a toxin of Cl wJchtt 

Our hope that such an antibodv might throw light on the relation of 
lecithinasc activity to toxicity m the Cl xcfleJni a toxin has not been fulfilled 
The parallelism of Iccitldnasc and toxicity in preparations of this to\m mdi 
cates tliat the two acti\ itlea arc consistently earned on one particle If ns 
ilacfarlano & Knight (1941) suggested the lecithinasc confers hnemoly tic and 
necrotic powers on the <f. toxin then the bifentieniaut antilecitlunasc should 
be antitoxic But the fact tlmt the Oiferineiitane antilecitlunasc is antitoxic 
does not prove the identity of toxic and cnxjTiiic groups for antibody com 
bining with the Iccitlunasc groups alone might mask adjacent toxic groups in 
the a toxin particle or the specificity of bifertnentam antilecithmasC for 
a toxin may be accidental in that it is determined neither by the locithmosc 
nor the tone group on the a toxin particle but by another determinant, 
common to both cnxyTnes 

Only a substantial independence of ncutrnbzation by bifermenlam anti 
lecithinasc of the lecithinasc acti\nty and the toxicity of the a toxin would ha\ c 
given positi\e evidence tliat the two activities were referalile to difTcrcnt 
groujjs on the particle 

From the fact that among all tlie hplds they tested only lecithin was fulK 
effective m interfering with the combination of Cl xcflchn lecithinasc and 
a antitoxin Zameemk & Lipninnn {1047} concluded that the interference was 
due not to a non specific coating of the cniyme by the lecithin, but to com 
petition of lecithin and antibody for tlic same region of the enzymic molecule 
But the demonstration of such inhibition does not necessanh soh e tlic 
problem of the identity of the hyTiothctical enzymic and toxic groups m tlie 
molecule, for a stcnc interference witli the toxic group might follow a specific 
adsorption of lecithin to an adjacent non toxic enz\TTic group 
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Nevertheless, the properties of the bifcimcntans lecithinnse itself throw some 
doubt on the assumption that leeithinase activity jyei sc is sulTicieiit to account 
for the lethal and necrotic powers of the a-toxin' The hfcimenians lecithinnse 
in doses sulhcient to liberate as much acid-soluble phosphate from lecithin ns 
0 5 Ji L D of a-tovm at pH 7 0, w'as completely non-to\ic on intravenous 
injection in mice, and only mildly mflammatorj lu the skin of gumea-pigs 
At the pH of the tissues, the hifermentans leeithinase unlike a-to\in, is 
vorking well outside its optimal pH range though, as the vitro actuation of 
the leeithinase at non-optimal jiH values by an agar gel demonstrates, the 
overall pH condition ma}*^ be irrelevant provided that certain physico-chemical 
conditions are satisfied We have no means of deciding whether these con- 
ditions are realized in the tissues, and, moreovei, the argument can be applied 
equally ■svell to the a-toxin of Cl xvclclin But the possibility of such activation 
suggests that the difference between a toxic and a non-toxic leeithinase of the 
same apparent enzyme tjqie may reside either m a readiness of absorption to 
certain tissue structures that is independent of the actual leeithinase activity, 
or in the presence in the body of activators to one but not the other leeithinase 

These speculations can be fully tested only when we have preimrcd a 
bifermentam leeithinase whose phosphate-liberating activity is equivalent to 
that of at least 10 m l n of Cl loclclm a-toxin 

The similariW of the pH optima suggests that the curding of egg yolk extract 
and the liberation of phosphate from lecithin aie manifestations of the same 
enzjmiic process, and the neutralization of both bj’- Cl xvclclm a-antitoxin, 
which is unlikely to contain antibodies to two diflcrent enzymes of Cl hfo- 
mentans, suggests that a protease docs not contribute to the curding The 
greater sensitivity of the yolk extract to hifei mentans leeithinase measured in 
terms of phosphate-liberation compared with its scnsitnity to xLclchn Icci- 
tliinasc IS most probably due to the greater stability of the bifcnnnifans 
leeithinase in the enzyme-substrate mixture, for the ratio of yolk e\trnet 
titres 111 a gii en preparation at 1 hr is of the same oidei ns the ratio of phos- 
phate-liberating power (Table 3) and the discrepancy develops onh after 
many hours’ incubation 

The two lecithmases are too dissimilar m their rates of action on the yolk 
extract and the a arious leeithinase preparations v ere too impure to permit any 
speculation about the relative amount of cnzvme protein which tlicj contained 
Hence it is not possible to translate the ratio of nnti-BL anti-BfL jiotcncics 
into a measure of the degree of antigenic relationships of the two lecithmases 
But the fact that BL and precipitate strongly v ith their respective homo- 
logous antisera, and that cross-prccipitation is absent or feeble, suggests that 
the relation is fairlv remote 

The conclusions with regard to Cl hifeiincntons apply equally to Cl <;or(lclln 
and Cl centrospoiogcncs As far ns our experience goes, vc agree s\ith Clark X 
Hall (1937) and Stevart (193S) that these two bacilli arc probably identical 

vithC/ bifcrmciitaiis and that Cl soidc/hi is a toxigenic varicU of the spciics 

Their similantv is further emphasized In their production of Nagler-rcacting 
substances all of v Inch are neutralized h\ a-antitoxm (Has w ard, 1 0 13) and by 
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the nntilccitlunasc of Cl hifcrmenlan» Both Clark ik Hull and Stc^\a^t record 
slight neutraliration of the aordelln toxin bj Cl bifermenians nntiscm If Cl 
iordelln is n \Tirictv of Cl bifcnnentaus \\c nia> expect tlmt some straias of 
Cl bifermriilatu \vill elaborate the sordelbt toxin m amounts so small as to be 
detectable onlv b\ the specific antibody response m an animal after a course of 
iraniuni/Jition and in these instances the immunizing suspensions used maj 
^vcU hn\c Ikot prepared from a strain of this kind Antisera to our strain 
5l68e Imd no such antitoxic effect and neutralization tests showed quite 
clearh Ihc independence of the Cl sordrUtt lccilliina.se and toxin 

We arc greath Indebted to Dr H J Rogers for his examination of our lecithlna.se 
concentrate toDrE S Dulhlc for concentrating n preparation b> pressure dlolj'sis 
ondloDrC L Oaklej and Dr A F B Standfast for tlicir supply of liorsc antitoxins 
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PROCEEDINGS OF 

THE SOCIETY FOR GENERAL MICROBIOLOGY 

The Society for General Mxcrolnohgy held its Fourth General Meeting in 
the London School of Hygtene and Tropical Medicine Keppel Street^ London^ 
W C \ on Friday and Saturday 20 and 21 Lecemher 1946 There was a 
Sympotvwn on ‘ The Nature of Virulence* on the 20ih at 10 00 ojn and Demon 
siraiione on the 21ft The foUoanng commumcaiione xoere given during the 
Sympottum 

Virulence of Bacteria In Plants. By Mrs Dagny Oxford 
The bacterial phytopathogens with occasional exceptions belong to small 
sections of the two genera Bacterium and Pseudorionas as compared with the 
great variety of types occurring as animal pathogens They arc free-living 
heterotrophlc, gram n^ativc, non sponng micro-organisms which for the most 
part grow on the simplest nutrient substrates and are very Insusceptible to 
attack by agents. The fact that the known phytopathogens should 

be confined to such adaptable, resistant bacteria indicates that the plant host 
IS by its gross anatomy and physiology much more efficient in withstanding 
bacterial infection than Is the animal. An explanation may be given by the 
following facts ( 1 ) the almost impervious nature of the external surfaces of the 
plant, (2) the widespread occurrence of phenolic products of metabolism, 
(a) the lets ready availabihty of peptides and proteins the bulk of the tissues 
consisting of very resistant car^hydrate ( 4 ) the lack of a swiftly moving 
circulatory system, (5) the generally acid reaction of the sap prevailing 
aerobic conditions, and subjection to fluctuating temperatures that favour the 
development of fungi rather than bacteria. 

It is generally acc^ted that bacteria! pathogens invade plant tissues mamly 
by means of wounds insect bites abrasions etc. Considerable progress has 
been made in elucidating the various nutritional deficiencies or disproportions 
which weaken the vitality of the plant and, therefore, predispose it to m 
fcction. As regards proneness to bacteria! nueefaon however especially in the 
case of the leaf spot and soft rot diseases, the most important environmental 
factor known is that of humidity (Ark & Thomas, 1946) Ability to invade the 
host Is only one aspect of virulence Communicabihty the power of becoming 
established in the host under natural conditions (Coburn, 1944) w a vital 
part of the problem which m the case of bacterial phytopathogens has not yet 
received due attention. For obvious reasons by far the greatest volume of 
work has been done m connexion with the crown gall organism (Bad- /am/ 
faeiene) e.g Boivm et dL (1986) have extracted from the bacterial cells a 
complex capable of inducing -galls and Rikcr et oL (1946) have made c 
biochemical studies on the products of metabolism of the bacteria. 

No detailed comprehensive study baa yet been made of the^Mbgenic 
structure of the flagellate coliform like organisms described under the 
name of Br win ta (Bcrgcy), nor of the pscudomonadi separated mto e 
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groups Xanihomonas (Dowson) and Phytomonas (Bergey) Their nutrilite 
requirements have only recently been studied (Starr, 1946) These are the 
bactena which break down tissues, cause necroses, wilts and cankers The means 
whereby they effect this is unknown Advance might well be made by a study 
of their pectolytic enzymes Many pathogemc pseudomonads produce a levan 
from sucrose (Cooper & Preston, 1985), and this phenomenon might be utilized 
protectively In the case of Pseudomonas mors-prunorum, the agent of bacterial 
canker of plums, a cell-free filtrate has been obtamed which mduces lesions 
similar to those caused by the bacterium (Enkson & Montgomery, 1945) Amass 
of data on the host-range of these pathogens is available (Wormald, 1988) It 
IS most desnable that the information to be gamed from such Imes of approach 
should be collated, and stramed analogies with certam aspects of bactenal 
disease in animals be avoided m order to obtam a true picture of the nature of 
virulence m plants 
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Virulence of Bacteria in Animals By D W Henderson 

The term ‘virulent’ is properly used m the sense of bemg poisonous Over 
the years since the microbial theory of infection was estabhshed the term has 
had impounded mto it the innumerable vanables that are associated with both 
host and parasite m the imtiation of an infectious disease It is understood 
that the discussion is meant to embrace problems associated with such host 
parasite relationships rather than with the more hmited problem of capacity 
to poison It may be that this mterpretation of what the Society would wish 
to discuss IS wrong In that eventuality guidance offered m general disci^ion 
will be welcome to many of us who until now have used the term ‘virulence’ 
in all shades of meamng 

It IS proposed to mtroduce for discussion by brief illustration such problems 
as the capacity of an orgamsm to poison the host directly or mdirectly, to 
invade, to remam withm the host for long penods apparently in symbiosis, to 
join forces with a newcomer, to adapt to environment and to change habit 
accordmg to the method of meeting the host In addition it would seem proper 
to discuss the variability o^ the host in relation to physical environment as 
well as strsim and species differences This wide field appears essential since 
parasite action cannot be discussed without reference to host response. 

Among the orgamsms I propose to mention m illustration wiU be B typho- 
sum, Str pneumontae, B anihracis, B prodtgtosum, Cl welchii, Cl botuhnum, 
Cl tetani. Cl septique, C diphihertae, E influenzae 



Proceedings of General Microbiology 


m 


Virulence In Protozoa By BL E. Shortt 

In dealing with the concept *The Nature of Vmilenoc , which is the subject 
of this symposium, an attempt is first made to define the terra virulence 
more especiaflyin relation to the Protozoa. One raiinediately cornea up against 
difflculties, c\en m framing a definition Terms such os mvasivenets and 
‘pathogenicity’ at once come to mind but one soon realizes that neither of 
these attnbutes of any organism is synonymous with virulence, although both 
are essential to the production of virulence. The attempt at definition of the 
term ‘virulence* is further compheated by realization of the essential role 
played,, both by the nature and extent of the defence mechanisms of the 
mvaded host. 

This IS equivalent to saying that there is no such character as intrinsic 
virulence in any protozoan and that the term virulence must be considered 
only as the resultant of a complex of interacting factors It is obvious that 
before this interaction can be brought about there must be a very dose 
a*sociahon between parasite and host and, therefore, the vanous methods 
by which such associations can be brought about and mamtamed is considered 
and iUuftrativc examples are given of each of these methods Having thus 
deared the groimd and considered the various factors mvolved m the pro- 
duction of virolence m Protozoa an attempt is then made to define the con 
cept ‘virulence in Protozoa Three essenb^ factors are considered necessary 
to the production of virulence m the case of any protozoan. These arc 
(a) The capacity to multiply m the tissues of the host. 

(fc) Actual invasion of the tissues of the host. 

(c) The power to overcome the defence mechanisms of the host sufficiently 
to produce disease In the latter disease being understood to imply either actual 
*hrcct destruction of tissues or gross impairtnent of function due to whatever 
cause may be oper ativ e m mdivldual cases 
These three factors are considered m turn mdividually and iHustrative 
examples are given under each heading fifora the vanous classes of the Protocoa, 
practically all of which supply examples of vmilencc under the appropriate 
conditions. 

a few questions bearing on the general theme, as developed m the 
preceding sections, arc posed for consideration and discussion. These are 
(l) Does a virulent parasite, in. the sense I have defined virulence, i c, pro- 
dudng an obvious diseased condition inherently change its character and 
become non virulent when the condition it has caused becomes chronic or 
intent and inapparent, e.g latent malaria, in either mammalian or avian 
hosts? 

(®) Is the virulence complex an advantage or a disadvantage to a parasite? 
(®) Does virulence represent the evolutionary end result of invasion of a 
hwt by a parasite or does it represent the initial stages of association between 
e two finally to be succeeded by commensalism or symbiosis? 


IV 
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Virulence of Fungi in Plants ByE GAtouNN 

Virulence of Fungi in Animals By J T Duncan 

Some of the dermatophytes, on their specific host, ofiFer perfect examples of 
efficient parasitism m which the host-parasite equilibrium may remain un- 
disturbed for years, while the host even affords the parasite protection and 
aids the distribution of its spores Durmg epidemics of this kmd of ringworm 
infection the host-parasite balance may tend to be disturbed, and the lesions 
become less simple m character, to the disadvantage of the parasite These 
epidemics are sometimes attributed to an mcreased virulence of the parasite, 
ignonng the more plausible explanation — diminished resistance of the host 
Such, apparently, mcreased mfectivity of the fungus may, therefore, be 
relative A similar explanation may be apphed to epidemics of thrush amongst 
infants m crdches, although the mfectivity of the causative fungus, Candida 
albicans, is known to be exalted by passage m a senes of AnimRls An ahen 
ringworm fungus on a particular host may be more pathogemc but less m- 
fective than the species naturally parasitic on that amraal 
Some of the deeper mycoses are caused by fungi which vegetate normally as 
saprophytes and are only occasionally pathogemc. Infection depends upon 
the mechanical mtroduction of the fungus mto the tissues through penetratmg 
woimds or open lesions of the skin, and the simultaneous mtroduction of an 
inert foreign body on which the fungus may have been hvmg, may be a 
necessary factor Fungi of this kmd may not be capable of extreme morpho- 
logical modification, and m adaptation to parasitic life they merely form a 
compact colony m which the mycehum is usually arranged m radial fashion, 
with thick-waUed cells, hke chlamydospores, m the peripheral part In this 
kmd of infection there is no tendency to metastatic spread, and the fungus 
shows no mvasive power beyond a limited centrifugal extension of the colony 
New colomes may, however, anse m the neighbourhood of the primary colony 
and by repetition of this process a whole member, such as a foot, may become 
involved, but the spread of the disease seems to be due to the action of 
wandering phagocytes which pick up portions of the hvmg fungus and trans- 
port them to new sites m which new colomes develop Thus the disease remams 
locahzed and a condition of stalemate exists between parasite and host m 
which the infection may endure for many years In the case of these fungi it 
IS usually found impossible to infect laboratory ammals either with matenal 
from the parasitic colony or cultures isolated from it Fungi of this group, 
although pathogemc, would seem to have no property of virulence 

In a more important group of systemic mycoses the infecting fungi possess 
the property of dimorphism, vegetatmg m normal saprophytic life m a more 
or less complex mycehal form, but capable of developing, for parasitic life m 
animal tissues, a simple form, often umcellular and yeast-hke, adapted for 
rapid reproduction and invasion Fungi of this group may be highly infective 
and mvasive, often causmg generalized and fatal disease Although trans- 
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miition of the disease from man to man^ directly, is almost unknown, except 
in rare poet mortem room ‘accidents* the saprophytic form of the fongus is 
vmilcnt m a high degree and this vmilence seems to be related to the property 
of dimorphism In culture at 37® C, on certain substrata, the dimorphic 
character can be demonstrated in saprophytic life. 

■\Vith the pathogenic fungi, therefore, virulence (interpreted m the restncted 
sense of infectivity and invasive power) would seem to be largely a matter of 
adaptabiUty, morphological and physioli^cal to parasitic life m animal 
tissues 


Virulence of Vlmaes in Plants. By Kenketh M Sunn 
The truth of the matter is that we have very httle idea of what virulence in a 
plant Virus consists and it is, in consequence, a difficult matter to discuss It 
may be well, therefore, in the flrst place to attempt to give a definition of 
what is meant by the term ‘ virulence * It is true to say that the highest pomt 
of virulence is reached when the death of the host ensues and since the cell 
and not the whole organism is the host of the virus, any virus which kills the 
cells but not necessarily the whole plant may be said to be mrulenL By this 
deflnitioii, then, is virulence ever an mtnnsic property of a virus or is it merely 
a host parasite relationship? It is possible to find facts which support to a 
certain extent both these hypotheses First, if virulence is an intrinsic pro- 
perty of a virus there should exist viruses which kill the cells of all host plants 
under all environmental conditions Obviously however, intolerance on the 
part of the host if earned to this extent would mvolve extmction of the virus 
Intensely necrohe or virulent viruses of this type would need an extremely 
efficient method of spread if they were going to survive- This is so for the 
following reasons vinises which kill the ceUs produce only necrotic symptoms 
which may take the form of a lethal systemic necrosis or else localized necrotic 
spots m which the virus is Imprisoned and cannot spread farther through its 
host. In either case such a virus is to all practical purposes non Infectious 
since it cannot spread by contact and no insect vector is likely to feed on 
patches of dead cells Indeed plants which react m this manner arc said to be 
field immune and any virus which produced such symptoms on all hosts 
would rapidly be lost. A varus of this type might perhaps be defined as m 
tnnfically virulent, but do such viruses exist? 

It IS possible to arrange viruses in a graded senes of virolence starting with 
one which most nearly approaches our defimtion of intrinsic virulence and 
gradually descending the scale to the virus which is earned without symptoms 
by s large number of plants. Indeed paradoxically enough the virus which 
most nearly fulfils our defimbon of mtnnsic viralencc, is also a virus which 
can be earned without symptoms by many host plants and thus completes 
the circle. Tobacco necrosis virus Is virulent to all plant species to which it has 
been experimentally transmitted and becomes systemic m none. Such a virus 
would be rapidly lost were it not for one fact. In nature this virus occurs only 
in the roots of plants where it produces no visible reaction and it is the change 
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of location, from the roots to the aerial portions of the plant which develops 
the virulence 

In discussing virulence as a virus-host relationship it is easy to quote 
examples of viruses virulent on one host plant and avirulent or even symptom 
less on others The classic instance is the behaviour of the ordinary type strain 
of tobacco mosaic virus on tobacco and Nicotiana glutinosa, mottling and dis 
tortion m the former, death of the cells in the latter Agam, tobacco nngspot 
virus causes necrotic and chlorotic rings on the tobacco plant but kills Baiura 
stramonium and Phascolus vulgaris outnght That these reactions are due to a 
relationship between host and parasite and not to an intrinsically virulent 
virus can easily be demonstrated by inoculating from an infected plant on 
which the virus is virulent to a plant on which the virus is avirulent and mild 
symptoms m the latter will always result 

It IS possible to alter experimentally the intrinsic virulence of a plant virus 
and also to alter the virus-host relationship so that virulence of a virus to a 
particular host is temporarily increased Thus, a strain of tobacco mosaic 
VITUS has been isolated after irradiation which produces a lethal or severe 
necrosis of tobacco plants mstcad of the familiar mottling While it cannot be 
said definitely that this mutation was due to the irradiation the fact of the 
increased virulence cannot be denied There are various references in the 
literature to apparent increases of virulence m viruses by passage of particular 
hosts or merely by continuous passage of susceptible hosts The best known 
case IS the apparent reduction in virulence of curly-top virus by passage of the 
weed Chenopodium inurale and its restoration to original virulence by passage 
of Stellana media This phenomenon, however, can also be explained on the 
basis of a selection of strains rather than an mcrease in virulence Thus it can 
be assumed that there are present tivo strains, a mild and a severe one, and in 
Chenopodium murale the mild strain outgrows the severe one whilst in 
media the reverse is true, although in both cases some of each strain remains 

As regards virulence as a virus-host relationship, this can he increased in 
various ways Growing the plants under conditions of high temperature an 
light intensity mduces tobacco mosaic virus to kill Nicotiana ghUmosa wi 
a systemic necrosis Site or method of entry of the virus may also i^uence 
virulence Thus transmission of curly-top to tomatoes by grafting wit scions 
from infected tobacco plants which have recovered from^ the 
mduces a mild disease but tomato plants infected by 
the outside leaves mduces a severe disease Similarly N 
a scion of mosaic tobacco dies with systemic necrosis 
the same virus develops only local lesions 


leafhoppers leeuing 
glutinosa grafted with 

but if moculated with 


Virulence of Viruses in Animals By C H Akdeewes 

Though viruses are apparently simpler than bacteria, Protozoa and 
problem of their virulence seems just as complex, if not more ^ 
posed to limit the term to consideration of properties of t e 
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determine the issue of the host virus struggle, once a virus particle has made 
contact mth a potential host. [Whether a strain of virus causes a lethal 
epidemic may depend on other properbes of the vmis, e.g on how effectively 
virus is dispersed from one infected host and on how readily it travels (because 
it resists desiccation or is effectively conveyed by a vector and so on) ] Vim 
lence, as a phenomenon m the fidd, depends on the ability of a virus particle 
which has reached its host to pass the superhcial defences enter multiply and 
produce disease or death. To the laboratory worker a virulent virus is often 
thought of as one with a small I..D under specified conditions but that 
definition depends on over-simplification 

Viruses are beheved to be intracellular parasites Most evidence suggests 
that phagocytes and opsomns are relatively ununportant m defence. In the 
simplest conception the ideal, perfectly vmilcnt vims gets unimpeded to a 
susceptible cell multiphes therem with great rapidity, disrup1;s the cell and 
is effectively conveyed to more susceptible cells the result being maximum 
damage to the host. It is however uncertam whether mere rapidity of mass 
produebon of vast numbers of virus porbcles is enough to make a vims 
virulent. Direct destrucUon of the infected cells must be important. There is 
also the quesbon of whether intact vims parbcles m large enough quanbty 
may not exert some toxm like effect, e g nckeltsiac, influenza. Possibly also 
the presence of dead or less perfectly adapted vims partacl?s may slow down 
the whole process (mterference phenomenon) 

Amongst the neurotiopic viruses we find great differences m abihty to reach 
the c,K.fl from the periphery Tissue culture may change the properbes of a 
vims so that it can no longer pass to the an b and kiD though its after 
mtraccrebral injecbon is unaltered Other factors offeebng virulence 

(i) ApUtxide for aifnergtsm mth secondarily truxidtng bacUna \'irulcnt 
smallpox 18 often smallpox compheated by streptococcal infeebon. It has 
been suggested that the agent of 1918 pandemic flu differed from ordinary flu 
in the greater tendency of the virus to associate itself with haemophilus and 
with pathogemo coca. 

(ii) Affinity for c^rUnn iusuet or organs Attack of pohomyelibs on the 
medulla makes the disease more lethal and this may ather depend on an 
mtnnsic property of the virus or on something more or less accidental 

(iii) Change in anUgenu: consiitxdion Where a community has a certam level 
of resistance to a virus — as to influenza, a mutation offeebng the antigenic 
structure of the virus may render it capable of attacking people immune to 
ordinary strains this is a likely explanabon at least in part, of the events of 
the 1918 pandemic. 

Finally a common feature of viruses is that adaptabon to a parbcular host 
by passage m it mercases virulence for that host with, as a rule, concomitant 
decrease m resistance for other hosts e.g influenza in ferrets and mice. 
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CARYOPHANON LATUM PESHIvOFF 

Hobtiat The immediate success of our search for Cnryophnnon Inhnn 
suggests a wde, perhaps ubiquitous, distribution of this organism in frcsli cow 
dung The failure of earlier investigators to discover such a large, common and 
actively motile organism may be attributed to the fact that old manure, so 
often investigated on account of its practical importance, docs not contain 
C lahm 

Under ordinar}’’ conditions C laiiim reaches the peak of its development in 
cow dung a day or two after the faeces have been dropped in the field The 
organism also appeared in tw'o out of four samples collected during the v inter 
from the surface of very fresh cow droppings on clean straw maw cll-kcpt bjTC 
where gross contamination from Ihe soil could be ruled out On the other hand, 
the organism failed to develop in any of four samples of the contents of the 
rectum of cow s, collected at the slaughterhouse Thus w'c have not been able to 
decide whether C latum is present m the intestines of cattle, or whether it is a 
strictly saprophytic organism w'hich finds m cow dung particularly fai ourablc 
conditions for its multiplication 

Isolation Peshkoff found C latum m three out of seven samples of cow dung 
He does not state whether the dung was collected m field or cow'-shed ^Ve 
looked for the organism m cow droppings from grass land m Cambridge and 
had no difficulty m finding it, w^thout dilution or special preparation of the 
dung, m five out of seven samples collected at the end of August 1945 In the 
next two months fourteen more samples from different localities were examined 
and nine of these w'ere also rich m this species In the follow mg spring cow 
droppings collected m yet another place were again found to contain large 
numbers of the organism Some samples contained smaller numbers than 
others but since the period of development of the bacillus m dung is short, the 
number of motile organisms of characteristic appearance thereafter rapidlj 
falling to zero, the best time for inspection may sometimes liave been missed 
Few or none of the large bacteria w ere found m samples of \ er\ fresh droppings, 
but the number usually increased greatly when the material was kept in its 
own moisture in closed glass jars at room temperature for a da\ or two After 
this inters al single loops-full of dung suspended m water were teeming with 
thousands of the actnely motile rod form (PI 1, fig 1) 

To obtain a pure strain, a drop of a suspension of dung rich in C latum was 
streaked on dung agar Colonies of the large bacterium were Msiblc, among 
those of other organisms, after 24 hr In spite of their small size, it was not 
difficult to pick up indindual colonics wath a capillari pipette, and In refloated 
plating to obtain pure cultures Other pure strains were obtained with greater 
case In plating suspensions m which C latum had been concentrated In 
fractional low -speed centrifugation I'ne strains obtained in this wav and on 
which the follownng description is based, were identified ns C Mum Pcsbko/r 
C /eaiif Peshkoff (1940), a somewhat smaller organism, was never enroiiritered 

in our material 

Cullnatton The dung agar used In Peshkoff was not a verv sntisfaetorv 
culture medium in our hands Different dung samples v aric-d great Ij in growth 
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promoting porrcr and even when growth was good the bactena were abnormal!} 
short, coiled and \aned greatly m sue. The addition of peptone becf-esrtract 
or glucose and alterations of the pH proved to be either unfa^ ourable to growth 
or without effect On shghtly alkaline nutrient agar (containing 0 6 % Bacto 
peptone and 0 5% Bacto bccf-extract) growth was much the same as on dung 
agar This was contrary to the experience of PcshkolT, who foimd that C laltan 
did not grow on ordinary culture media. Very good growth ^Tas obtained on 
yeast-extract agar Some batches of laboratory made autolysates of baker s 
y east ga\ e excellent results but others were unsatisfactory and eventually we 
relied on the Difco product (Difco Laboratonea Inc. Detroit Michigan) m 
combination with either Bacto peptone (Difco) or Bacto beef extract (Difco) 
Small amounts of sodium acetate bad a specific growth promoting effect in 
yeast-cxtract+becf-extract or yeast-extract -b peptone media, gi\’ing heavier 
and more uniform growth than with any other combination of ordinary nutrients 
exammed. A medium containing 0 50 % Bacto y cast-extract, 0 50 % Bacto 
peptone and 0^01 % sodium acetate adjusted to pH 7 4-7 6 proved very 
favourable for isolation and maintenance 

In our cultures C latum, which originally had a diameter of about 8 ^ has 
become somewhat smaller since its isolation some fr-12 months ago and now 
rarely exceeds 2 5fum diameter Migula (1897) reported the same expencncc 
with the originally very large DaeiUui oxalaittnu 

Grotdh on agar media. In 18 hr at 26 on the yeast-extract peptone 
acetate medium C laium forms colourless convex circular undulate colomes 
with an undulatmg edge, rarely exceeding 1-2 mm in diameter with a 
smooth or finely granular glistening surface It grows in two forms of colony 
exhibiting some of the characters of a rough or a smooth growth habit. Both 
mav appear on first Isolation The smooth form predominates, but after some 
months m culture strains onginaDy fully smooth may give nse to rough 
colonies a phenomenon already noted by PeshkofT (1940) The smooth colonies 
consist of closely packed rods of fairly umform length and have at first rather 
angular jagged outlmes (PI 1 fig 2) but later become round or polygonal 
with smooth, unbroken contours The rough colonies consist of long loosely 
arranged and much folded chains which give a wavy irregular outline to the 
colomes The differences between smooth and rough colomes are more pro- 
nounced m young than m old cultures because after several days of growth the 
chams m the rough colonies break into short bacillary forms 

At the height of its devdopraent m cow dung the organism is n cylmdncal 
often slightly tapenng straight or gently curved rod, 10-80 fx long and about 
a wide, with rounded ends The same dimensions are attained by C latum in 
the penphery of young colomes on suitable media. Old cultures consist mainly 
of very short rods and smgle, more or less spherical cells (PI 4 figs.. 11-18) In 
some samples of cow dung the rods were arranged end to end in chains of 200 /i. 
and longer 

The bacterium grows well at all tempcmturcs from 20 to 87 most of the 
observations described in this paper were made on cultures incubated for 
18 hr nt 20® 

Colonies of recently isolated strains, after several days of growth on 


